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1

IDENTIFICATION OF VIRULENCE
ASSOCIATED REGIONS RD1 AND RD5
LEADING TO IMPROVE VACCINE OF M.
BOVIS BCG AND M. MICROTI

This is a division of application Ser. No. 10/510,021, filed
Oct. 1, 2004, no U.S. Pat. No. 7,883,712, which is a National
Stage of International Application No. PCT/IB03/01789
under 35 U.S.C. §371, all of which are incorporated herein by
reference.

Virulence associated regions have been sought for a long
time in Mycobacterium. The present invention concerns the
identification of 2 genomic regions which are shown to be
associated with a virulent phenotype in Mycobacteria and
particularly in M. tuberculosis. It concerns also the fragments
of said regions.

One of these two regions known as RDS5 is disclosed in
Molecular Microbiology (1999), vol. 32, pages 643 to 655
(Gordon S. V. et al.). The other region named RD1-2F9 spans
the known region RD1 as disclosed in Molecular Microbiol-
ogy (1999), vol. 32, pages 643 to 655 (Gordon S. V. et al.).
Both of the regions RD1 and RDS or at least one of them are
absent from the vaccine strains of M. bovis BCG and in M.
microti, strains found involved and used as live vaccines in the
1960’s.

Other applications which are encompassed by the present
invention are related to the use of all or part of the said regions
to detect virulent strains of Mycobacteria and particularly M.
tuberculosis in humans and animals. The region RD1-2F9
and RD5 are considered as virulence markers under the
present invention.

The recombinant Mycobacteria and particularly M. bovis
BCG after modification of their genome by introduction of all
orpart of RD1-2F9 region and/or RDS region in said genome
can be used for the immune system of patients affected with
a cancer as for example a bladder cancer.

The present invention relates to a strain of M. bovis BOG or
M. microti, wherein said strain has integrated all or part of the
region RD1-2F9 responsible for enhanced immunogenicity
to the tubercle bacilli, especially the genes encoding the
ESAT-6 and CFP-10 antigens. These strains will be referred
to as the M. bovis BCG::RD1 or M. microti::RD1 strains and
are useful as a new improved vaccine for prevention of tuber-
culosis infections and for treating superficial bladder cancer.

Mycobacterium bovis BCG (bacille Calmette-Guérin) has
been used since 1921 to prevent tuberculosis although it is of
limited efficacy against adult pulmonary disease in highly
endemic areas. Mycobacterium microti, another member of
the Mycobacterium tuberculosis complex, was originally
described as the infective agent of a tuberculosis-like disease
in voles (Microtus agrestis) in the 1930’s (Wells, A. Q. 1937.
Tuberculosis in wild voles. Lancet 1221 and Wells, A. Q.
1946. The murine type of tubercle bacillus. Medical Research
council special report series 259:1-42.). Until recently, M.
microti strains were thought to be pathogenic only for voles,
but not for humans and some were even used as a live-vaccine.
In fact, the vole bacillus proved to be safe and effective in
preventing clinical tuberculosis in a trial involving roughly
10,000 adolescents in the UK in the 1950’s (Hart, P. D. a., and
1. Sutherland: 1977. BCG and vole bacillus vaccines in the
prevention of tuberculosis in adolescence and early adult life.
British Medical Journal 2:293-295). At about the same time,
another strain, OV166, was successfully administered to half
a million newborns in Prague, former Czechoslovakia, with-
out any serious complications (Sula, L., and 1. Radkovsky.
1976. Protective effects of M. microti vaccine against tuber-
culosis. J. Hyg. Epid. Microbiol. Immunol. 20:1-6). M.
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microti vaccination has since been discontinued because it
was no more effective than the frequently employed BCG
vaccine. As a result, improved vaccines are needed for pre-
venting and treating tuberculosis.

The problem for attempting to ameliorate this live vaccine
is that the molecular mechanism of both the attenuation and
the immunogenicity of BCG is still poorly understood. Com-
parative genomic studies of all six members of the M. tuber-
culosis complex have identified more than 140 genes, whose
presence is facultative, that may confer differences in pheno-
type, host range and virulence. Relative to the genome of the
paradigm strain, M. tuberculosis H37Rv (S. T. Cole, et al.,
Nature 393, 537 (1998)), many of these genes occur in chro-
mosomal regions that have been deleted from certain species
(RD1-16, RvD1-5), M. A. Behr, et al., Science 284, 1520
(1999); R. Brosch, et al., Infection Immun. 66, 2221 (1998);
S. V. Gordon, et al., Molec Microbiol 32, 643 (1999); H.
Salmon, et al, Genome Res 10, 2044 (2000), G. G. Mahairas
etal, J. Bacteriol. 178, 1274 (1996) and R. Brosch, et al., Proc
Natl Acad Sci USA 99, 3684 (2002).

In connection with the invention and based on their distri-
bution among tubercle bacilli and potential to encode viru-
lence functions, RD1, RD7 and RD9 (FIG. 1A, B) were
accorded highest priority for functional genomic analysis
using “knock-ins” of M. bovis BCG to assess their potential
contribution to the attenuation process. Clones spanning
these RD regions were selected from an ordered M. tubercu-
losis H37Rv library of integrating shuttle cosmids T. Cole, et
al, Nature 393,537 (1998) and W. R. Bange, etal, Tuber. Lung
Dis. 79, 171 (1999)), and individually electroporated into
BCG Pasteur, where they inserted stably into the attB site (M.
H. Lee, at al, Proc. Natl. Acad. Sci. USA 88,3111 (1991)).

We have uncovered that only reintroduction of all or part of
RD1-2F9 led to profound phenotypic alteration. Strikingly,
the BCG::RD1 “knock-in” grew more vigorously than BCG
controls in immuno-deficient mice, inducing extensive sple-
nomegaly and granuloma formation.

RD1 is restricted to the avirulent strains M. bovis BCG and
M. microti. Although the endpoints are not identical, the
deletions have removed from both vaccine strains a cluster of
six genes (Rv3871-Rv3876) that are part of the ESAT-6 locus
(FIG. 1A (S. T. Cole, et al., Nature 393, 537 (1998) and F.
Tekaia, et al., Tubercle Lung Disease 79,329 (1999)).

Among the missing products are members of the mycobac-
terial PE (Rv3872), PPE (Rv3873), and ESAT-6 (Rv3874,
Rv3875) protein families. Despite lacking obvious secretion
signals, ESAT-6 (Rv3875) and the related protein CFP-10
(Rv3874), are abundant components of short term culture
filtrate, acting as immunodominant T-cell antigens that
induce potent Th1 responses (F. Tekaia, et al., Tubercle Lung
Disease 79, 329 (1999); A. L. Sorensen, et al, infect Immun.
63, 1710 (1995) and R. Colangelli, et al., Infect. Immun. 68,
990 (2000)).

In summary, we have discovered that the restoration of
RD1-2F9 to M. bovis BCG leads to increased persistence in
immunocompetent mice. The M. bovis BCG::RD1 strain
includes RD1-specific immune responses of the Thl-type,
has enhanced immunogenicity and confers better protection
than M. bovis BCG alone in animal models of tuberculosis.
The M. bovis BCG::RD1 vaccine is significantly more viru-
lent than M. bovis BCG in immunodeficient mice but consid-
erably less virulent than M. tuberculosis.

In addition, we show that M. microti lacks a different but
overlapping part of the RD1 region (RD17“) to M. bovis BCG
and our results indicate that reintroduction of RD1-2F9 con-
fers increased virulence of BCG::RD1 in immunodeficient
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mice. The rare strains of M. microti that are associated with
human disease contain a region referred to as RD5"° whereas
those from voles do not.

M. bovis BCG vaccine could be improved by reintroducing
other genes encoding ESAT-6 family members that have been
lost, notably, those found in the RD8 and RDS loci of M.
tuberculosis. These regions also code for additional T-cell
antigens.

M. bovis BCG::RD1 could be improved by reintroducing
the RD8 and RD5 loci of M. tuberculosis.

M. bovis BCG vaccine could be improved by reintroducing
and overexpressing the genes contained in the RD1, RDS and
RDS regions.

Accordingly, these new strains, showing greater persis-
tence and enhanced immunogenicity, represent an improved
vaccine for preventing tuberculosis and treating bladder can-
cer.

In addition, the greater persistence of these recombinant
strains is an advantage for the presentation of other antigens,
for instance from HIV in humans and in order to induce
protection immune responses. Those improved strains may
also be of use in veterinary medicine, for instance in prevent-
ing bovine tuberculosis.

DESCRIPTION

Therefore, the present invention is aimed at a strain of M.
bovis BCG or M. microti, wherein said strain has integrated
all or part of the RD1-2F9 region as shown in SEQ ID No 1
responsible for enhanced immunogenicity to the tubercle
bacilli. These strains will be referred to as the M. bovis BCG::
RD1 or M. microti::RD1 strains.

In connection with the invention, “part or all of the RD1-
2F9 region” means that the strain has integrated a portion of
DNA originating from Mycobacterium tuberculosis or any
virulent member of the Mycobacterium tuberculosis complex
(M. afvicanum, M. bovis, M. canettii), which comprises at
least one, two, three, four, five, or more gene(s) selected from
Rv3861 (SEQ ID No 4), Rv3862 (SEQ ID No 5), Rv3863
(SEQIDNo 6), Rv3864 (SEQID No 7), Rv3865 (SEQ ID No
8), Rv3866 (SEQID No 9), Rv3867 (SEQID No 10), Rv3868
(SEQID No 11), Rv3869 (SEQ ID No 12), Rv3870 (SEQ ID
No 13), Rv3871 (SEQ ID No 14), Rv3872 (SEQ ID No 15,
mycobacterial PE), Rv3873 (SEQ ID No 16, PPE), Rv3874
(SEQID No 17, CFP-10), Rv3875 (SEQ ID No 18, ESAT-6),
Rv3876 (SEQ ID No 19), Rv3877 (SEQ ID No 20), Rv3878
(SEQID No 21), Rv3879 (SEQ ID No 22), Rv3880 (SEQ ID
No 23), Rv3881 (SEQ ID No 24), Rv3882 (SEQ ID No 25),
Rv3883 (SEQ ID No 26), Rv3884 (SEQ ID No 27) and
Rv3885 (SEQ ID No 28). The expression “a portion of DNA”
means also a nucleotide sequence or a nucleic acid or a
polynucleotide. The expression “gene” is referred herein as
the coding is sequence in frame with its natural promoter as
well as the coding sequence which has been isolated and
framed with an exogenous promoter, for example a promoter
capable of directing high level of expression of said coding
sequence.

In a specific aspect, the invention relates to a strain of M.
bovis BCG or M. microti wherein said strain has integrated at
least one, two, three or more gene(s) selected from Rv3867
(SEQID No 10), Rv3868 (SEQ ID No 11), Rv3869 (SEQ ID
No 12), Rv3870 (SEQ ID No 13), Rv3871 (SEQ ID No 14),
Rv3872 (SEQ ID No 15, mycobacterial PE), Rv3873 (SEQ
ID No 16, PPE), Rv3874 (SEQ ID No 17, CFP-10), Rv3875
(SEQ ID No 18, ESAT-6), Rv3876 (SEQ ID No 19) and
Rv3877 (SEQ ID No 20).
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Inanother specific aspect, the invention relates to a strain of
M. bovis BCG or M. microti herein said strain has integrated
at least one, two, three or more gene(s) selected from Rv3871
(SEQID No 14),Rv3872 (SEQ ID No 15, mycobacterial PE),
Rv3873 (SEQ ID No 16, PPE), Rv3874 (SEQ ID No 17,
CFP-10), Rv3875 (SEQ ID No 18, ESAT-6) and Rv3876
(SEQID No 19).

Preferably, a strain according to the invention is one which
has integrated a portion of DNA originating from Mycobac-
terium tuberculosis or any virulent member of the Mycobac-
terium tuberculosis complex (M. afvicanum, M. bovis, M.
canetti), which comprises at least four genes selected from
Rv3861 (SEQ ID No 4), Rv3862 (SEQ ID No 5), Rv3863
(SEQIDNo 6), Rv3864 (SEQID No 7), Rv3865 (SEQ ID No
8), Rv3866 (SEQIDNo 9), Rv3867 (SEQID No 10), Rv3868
(SEQID No 11), Rv3869 (SEQ ID No 12), Rv3870 (SEQ ID
No 13), Rv3871 (SEQ ID No 14), Rv3872 (SEQ ID No 15,
mycobacterial PE), Rv3873 (SEQ ID No 16, PPE), Rv3874
(SEQID No 17, CFP-10), Rv3875 (SEQ ID No 18; ESAT-6),
Rv3876 (SEQ ID No 19), Rv3877 (SEQ ID No 20), Rv3878
(SEQID No 21), Rv3879 (SEQ ID No 22), Rv3880 (SEQ ID
No 23), Rv3881 (SEQ ID No 24), Rv3882 (SEQ ID No 25),
Rv3883 (SEQ ID No 26), Rv3884 (SEQ ID No 27) and
Rv3885 (SEQ ID No 28), provided that it comprises Rv3874
(SEQ ID No 17, CFP-10) and/or Rv3875 (SEQ ID No 18,
ESAT-6).

Strains which have integrated a portion of DNA originating
from Mycobacterium tuberculosis or any virulent member of
the Mycobacterium tuberculosis complex (M. africanum, M.
bovis, M. canettii) comprising at least Rv3871 (SEQ ID No
14), Rv3875 (SEQ ID No 18, ESAT-6) and Rv3876 (SEQ ID
No 19) or at least Rv3871 (SEQ ID No 14), Rv3875 (SEQ ID
No 18, ESAT-6) and Rv3877 (SEQ ID No 20) or at least
Rv3871 (SEQID No 14), Rv3875 (SEQ ID No 18, ESAT-6),
Rv3876 (SEQ ID No 19) and Rv3877 (SEQ ID No 20) are of
particular interest.

The above strains according to the invention may further
comprise Rv3874 (SEQ ID No 17, CFP-10), Rv3872 (SEQ
ID No 15, mycobacterial PE) and/or Rv3873 (SEQ ID No 16,
PPE). In addition, it may further comprise at least one, two,
three or four gene(s) selected from Rv3861 (SEQ ID No 4),
Rv3862 (SEQ ID No 5), Rv3863 (SEQ ID No 6), Rv3864
(SEQIDNo 7), Rv3865 (SEQID No 8), Rv3866 (SEQ ID No
9), Rv3867 (SEQ ID No 10), Rv3868 (SEQ ID No 11),
Rv3869 (SEQ ID No 12), Rv3870 (SEQ ID No 13), Rv3878
(SEQID No 21), Rv3879 (SEQ ID No 22), Rv3880 (SEQ ID
No 23), Rv3881 (SEQ ID No 24), Rv3882 (SEQ ID No 25),
Rv3883 (SEQ ID No 26), Rv3884 (SEQ ID No 27) and
Rv3885 (SEQ ID No 28).

The invention encompasses strains which have integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
comprises Rv3875 (SEQ ID No 18, ESAT-6) or Rv3874
(SEQ ID No 17, CFP-10) or both Rv3875 (SEQ ID No 18,
ESAT-6) and Rv3874 (SEQ ID No 17, CFP-10).

These genes can be mutated (deletion, insertion or base
modification) so as to maintain the improved immunogenic-
ity while decreasing the virulence of the strains. Using routine
procedure, the man skilled in the art can select the M. bovis
BCG::RD1 or M. microti::RD1 strains, in which a mutated
gene has been integrated, showing improved immunogenicity
and lower virulence.

We have shown here that introduction of the RD1-2F9
region makes the vaccine strains induce a more effective
immune response against a challenge with M. tuberculosis.
However, this first generation of constructs can be followed
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by other, more fine-tuned generations of constructs as the
complemented BCG::RD1 vaccine strain also showed a more
virulent phenotype in severely immune-compromised
(SCID) mice. Therefore, the BCG::RD1 constructs may be
modified so as to be applicable as vaccine strains while being
safe for immune-compromised individuals. The term “con-
struct” means an engineered gene unit, usually involving a
gene of interest that has been fused to a promoter.

In this perspective, the man skilled in the art can adapt the
BCG::RD1 strain by the conception of BCG vaccine strains
that only early parts of the genes coding for ESAT-6 or CFP-
10inamycobacterial expression vector (for example pSM81)
tinder the control of a promoter, more particularly an hsp60
promoter. For example, at least one portion of the esat-6 gene
that codes for immunogenic 20-mer peptides of ESAT-6
active as T-cell epitopes (Mustafa A S, Oftung F, Amoudy H
A, Madi N M, Abal A T, Shaban F, Rosen Krands I, &
Andersen P. (2000) Multiple epitopes from the Mycobacte-
rium tuberculosis ESAT-6 antigen are recognized by antigen-
specific human T cell lines. Clin Infect Dis. 30 Suppl 3:5201-
5, peptides P1 to P8 are incorporated herein in the
description) could to be cloned into this vector and electropo-
rated into BCG, resulting in a BCG strain that produces these
epitopes.

Alternatively, the ESAT-6 and CFP-10 encoding genes (for
example on plasmid RD1-AP34 and or RD1-2F9) could be
altered by directed mutagenesis (using for example
QuikChange Site-Directed Mutagenesis Kit from Stratagen)
in a way that most of the immunogenic peptides of ESAT-6
remain intact, but the biological functionality of ESAT-6 is
lost.

This approach could result in a more protective BCG vac-
cine without increasing the virulence of the recombinant
BCG strain.

Therefore, the invention is also aimed at a method for
preparing and selecting M. bovis BCG or M. microti recom-
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binant, strains comprising a step consisting of modifying the
M. bovis BCG::RD1 or M. microti::RD1 strains as defined
above by insertion, deletion or mutation in the integrated RD1
region, more particularly in the esat-6 or CFP-10 gene, said
method leading to strains that are less virulent for immuno-
depressed individuals. Together, these methods would allow
to explain what causes the effect that we see with our BCG::
RD1 strain (the presence of additional T-cell epitopes from
ESAT-6 and CFP10 resulting in increased immunogenicity)
or whether the effect is caused by better fitness of the recom-
binant BCG::RD1 clones resulting in longer exposure time of
the immune system to the vaccine—or—by a combinatorial
effect of both factors.

In a preferred embodiment, the invention is aimed at the M.
bovis BCG::RD1 strains, which have integrated a cosmid
herein referred to as the RD1-2F9 and RD1-AP34 contained
in the E. coli strains deposited on Apr. 2, 2002 at the CNCM
(Institut Pasteur, 25, rue du Docteur Roux, 75724 Paris cedex
15, France) under the accession number 1-2831 and 1-2832
respectively. The RD1-2F9 is a cosmid comprising the por-
tion of the Mycobacterium tuberculosis H37Rv genome pre-
viously named RD1-2F9 that spans the RD1 region and con-
tains a gene conferring resistance to Kanamycin. The RD1-
AP34 is a cosmid comprising a portion of the Mycobacterium
tuberculosis H37Rv genome containing two genes coding for
ESAT-6 and CFP-10 as well as a gene conferring resistance to
Kinamycin.

The cosmid RD1-AP34 contains a 3909 bp fragment of the
M. tuberculosis H37Rv genome from region 4350459 bp to
4354367 bp that has been cloned into an integrating vector
pKint in order to be integrated in the genome of Mycobacte-
rium bovis BCG and Mycobacterium microti strains (SEQ 1I)
No 3). The Accession No. of the segment 160 of the M.
tuberculosis H37Rv genome that contains this region is
AL,022120.

SEQ ID No 3:

1 - gaattcccat ccagtgagtt caaggtcaag cggcgcccce ctggecagge atttcetegte
61 - tcgecagacg gcaaagaggt catccaggec ccctacatceg agectccaga agaagtgtte
121 - gecagcaccce caagcgcecgg ttaagattat ttcattgeeg gtgtagcagg acccgagetce
181 - agcceggtaa tcagagttegg gcaatgeta ccatcegggtt tgtttecegge tataaccgaa
241 - cggtttgtgt acgggataca aatacaggga gggaagaagt aggcaaatgg aaaaaatgtc
301 - acatgatccg atcgetgccg acattggecac gcaagtgage gacaacgctce tgcacggegt
361 - gacggccgge tcgacggege tgacgtoggt gaccgggctg gttocegegg gggocgatga
421 - ggtctecgee caageggega cggegttcac atcggagggce atccaattge tggcttcecaa
481 - tgcatcggcce caagaccagce tccaccgtge gggcgaageg gtccaggacyg tegoccgeac
541 - ctattcgcaa atcgacgacg goegecgceegg cgtcttegec gaataggece ccaacacatc
601 - ggagggagtg atcaccatgc tgtggcacgce aatgccaceq gagctaaata ccgecacggcet
661 - gatggccgge degggtcegg ctccaatget tgeggeggee gegggatgge agacgettte
721 - ggeggcetetg gacgctcagg ccgtegagtt gaccgegege ctgaactete taggagaage
781 - ctggactgga ggtggcageg acaagdgedct tgeggetgca acgecgatgg tggtetgget
841 - acaaaccdcg tcaacacagg ccaagacced tgcgatgcag gegacggede aagecegedge
901 - atacacccag dgccatggeca cgacgcegte getgecggag atcgecgeca accacatcac
961 - ccaggccgte cttacggcca ccaacttcett cggtatcaac acgatccega tegegttgac
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gtatgtggaa

ccaggecagee

ctggecaatgyg

aggtctacca

dgcecgagace

geggttaaca

cgettttega

daagctegag

ccgatggegt

cgatecttga

teceggegey

agccagagea

cgacgaacec

gatcttegga

atgecctece

ctggecagete

aacaccggtt

ggccagttge

cgeeggegge

tacccagace

cteggecaac

tgggtgagat

gagcggeccy

atgcagcagce

tgacccagec

getgecageayg

gtgacgtegt

tgttcageca

ggtgggegge

acecggedgey

dcaaccecage

cgacgaggaa

geegegeaga

tgggectget

cggcaccagt

cegetgtega

accatceget

ggctggtgga

tcaggcceca

gegegggege

gagectgety

cgegeggagt

cgctacetygy

cgcaggtddy

tegttgacee

deacgeeget

gatgtectcag

ctgatcgaaa

ageeggttge

cceceteggty

atgccggcegyg

ctgetgeegy

ategteggeg

acgggtggedg

cegeteeggt

gggtgedgga

gegatgggec

agggtgegea

atceggegge

tecaccagge

cgggtetggt

cgegecggea

cecgetegege

aggagcgtga

agaagacgac

daggacgact

gggacgaaga

ggacgactgg

agacttceceg

agaaagtagt

ggtaattteg

gcaggttegt

gtgegettee

attegtcagg

tcgcaaatgg

agcagtggaa

gccacceggyg
ccagcatgge
agceggatcete
tgcagggcca
aagaagcagc
ceggegteca
gettetgacce

tttegegggt

ccggaagact

agagatgaag

cggegacctg

gtggegegge

caataagcag

atactecgagg

cgctaatacyg

atcgaggecey

tgccaacatt

accgatgceg

aaaacccaga

geggegdgggga

aagcaggaac

gecgacgagg

aaaagaaacg

cggcaagege

tgagcteceyg

ttggcgagga

ctaccctege

tcgaccaggt

cggeegecca

tcgacgagat

agcagcagca

gagcaaaaac

aatccaggga

taatgacaac

aggtaaagag

gcaggaggca

ggagtcgacg

ggecgeggtg

ctecgacgaat

ggegetgtee

atgacagagc

aatgtcacgt

ccattcattce

cctecttgac

gaggggaage

agtccetgac

caagctegea

geggectggyg

geggtagegy

tteggaggeg

taccagggtyg

tccagcaaaa

atgggacgee

acggctaceqg

agctgaacaa

cgegectgecayg

aacctggege

ggacgatcag

cgaagceggt

caggcaatgg

cttcgacega

aggcaacgte

actgggatgt

tegcataggyg

atagcgaaac

tatacgtttyg

gecgcacgaa

tgcttegttt

gececcgacy

acccccacct

ggaaccggcece

cccaccecaca

accacccaca

ggcgecccee

accggegecc

gecetgggea

cceggecgaa

cecgetatege

ggcgeggetyg

gecagegecyg

agaaccteee

acgggatcgg
agcgcactet
ggtatggaag
cegecggege
tccgacgace
cegecteege
gcatctaaac
ccacccacac
cctecgatge
agaccaccga
cacgtaccct
aagatgccaa
ccaccgacce
acagacaccg
cgggcagagg
ttgggccaac

cccagecect

gegagttega
gagaggttgt
ctceggacga
cecgecategge
tgtcggageyg
caactccgat
cacccacace
ccececatgee
ccatcgeegy
caccacaaac
cgcacgggece
tcggcgaace
ggcetgecce
aacgaaacgt
aagcatcegg
cgagatcgta

cggegeaccyg

cctteegteyg
catggeggec
tatggcageg
aaacctaceg
gttegtgteg
gccgategee
ccecatgece
catcgeegga
acctgeacec
gccaaccgga
acatcaaccc
cecegeceget
ccaacactec
cgggaaggta
cgegeagetce
tctggeteeyg

caactceggt

caacgeegag

gtctegeect

gactacgaca

cageegttet

aagcccaacyg

gceceegecge

gcaggagagc

atcgecggac

ccecgaacegg

accccaaccyg

gegecgcage

cggegeaceyg

cegtecagac

cgacgtgege

gcaactggte

gceecceggaa

cccacccgcece

ngCgthCg

ttcgegtaga

ttetegtgtt

agctctteeg

tcgaccecag

gccagactee

cgccaccceccece

cgeectegec

ccgaaccgge

cccecaceccaa

aatcccagtt

aaccggaatc

caccagcacc

cgtetgegte

gccggggtca

catccatcca

cggageecte

cegegecgac

agcgacgegt
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-continued
3481 - ccaccccgat ttagccgecce aacatgccgce ggcegcaacct gattcaatta cggccgcaac

3541 - cactggcggt cgtegecgea agegtgcage gecggatcte gacgcgacac agaaatcctt
3601 - aaggccggeg gocaaggggce cgaaggtgaa gaaggtgaag ccccagaaac cgaaggccac
3661 - gaagccgccece aaagtggtgt cgcagcgegg ctggcgacat tgggtgcatg cgttgacgeg
3721 - aatcaacctg ggectgtcac ccgacgagaa gtacgagetg gacctgcacg ctegagtcecg
3781 - ccgcaatcecce cgcgggtegt atcagatcge cgtcegtcecggt ctcaaaggtg gggctggcaa
3841 - aaccacgctg acagcagcgt tggggtcgac gttggctcag gtgcgggceg accggatcect

3901 - ggctctaga

pos. 0001-0006 EcoRI-restriction site B pos. 2151-2435 Rv3875 coding for Early Secreted Antigen
pos. 0286-0583 Rv3872 coding for a PE-Protein (SEQ II) No Target 6 kD (ESAT6) (SEQ ID No 18)
. . pos. 3903-3609 Xbal-restriction site
. 0616-1720 Rv3873 coding for a PPE-Protein (SEQ ID
1%00516) voelacodmg fora rotein (SEQ pos. 1816-2435 CFP-10 gene+esat-6 gene (SEQ ID No 29).
pos. 1816-2115 Rv3874 coding for Culture Filtrat protein 10 2°  These sequences can be completed with the Rv3861 to
kD (CFP10) (SEQ ID No 17) Rv3871, and Rv3876 to Rv3885 as referred in Table 1 below.

Accesion number Loc (kb)in  Coordinates in  Molecular

in NCBI Bank M. Mycobacterium  mass of
Gene Gene  Protein Gene NC = gene tuberculosis  tuberculosis protein
Name length  length type NP = protein H37Rv H37Rv (Dalton) Description
Rv3861 324 108 CDS 4337.95 4337946 ...  11643.42 hypothetical
4338269 protein
Rv3862 348 116 CDS 4338.52 compl 12792.38 possible
c-whiB6 4338174 ... transcriptional
4338521 regulatory
protein whiB-
like WhiB6
Rv3863 1176 392 CDS 4338.85 4338849 ...  41087.44 hypothetical
4340024 alanine rich
protein
Rv3864 1206 402 CDS 4340.27 4340270 ...  42068.66 conserved
4341475 hypothetical
protein
Rv3865 309 103 CDS 4341.57 4341566 ...  10618.01 conserved
4341874 hypothetical
protein
Rv3866 849 283 CDS 4341.88 4341880 ...  30064.04 conserved
4342728 hypothetical
protein
Rv3867 549 183 CDS NC_000962 4342.77 4342767 ...  19945.52 conserved
NP_218384 4343318 protein
Rv3868 1719 573 CDS NC_000962 4343.3 4343311 ...  62425.40 conserved
NP_218385 4345032 protein
Rv3869 1440 480 CDS NC_000962 4345.04 4345036 ...  51092.58 possible
NP__ 218386 4346478 conserved
membrane
protein
Rv3870 2241 747 CDS NC_000962 4346.48 4346478 ...  80912.76 possible
NP_ 218387 4348721 conserved
membrane
protein
Rv3871 1773 591 CDS NC_000962 4348.83 4348824 ...  64560.65 conserved
NP_218388 4350599 protein
Rv3876 1998 666 CDS NC_000962 4353.01 4353007 ...  70644.92 conserved
NP_ 218393 4355007 proline and
alanine rich
protein
Rv3877 1533 511 CDS NC_000962 4355.01 4355004 ...  53981.12 probable
NP_ 218394 4356539 conserved
transmembrane
protein
Rv3878 840 280 CDS NC_000962 4356.69 4356693 ...  27395.23 conserved
4357532 hypothetical

alanine rich
protein
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Accesion number Loc (kb)in  Coordinates in  Molecular
in NCBI Bank M. Mycobacterium  mass of
Gene Gene  Protein Gene NC = gene tuberculosis  tuberculosis protein
Name length  length type NP = protein H37Rv H37Rv (Dalton) Description
Rv3879%¢ 2187 729 CDS NC_000962 4359.78 compl. 74492.13 hypothetical
4357596 .. alanine and
4359782 proline rich
protein
Rv3880¢ 345 115 CDS NC_000962 4360.55 compl. 12167.51 conserved
4360202. .. hypothetical
4360546 protein
Rv3881c 1380 460 CDS NC_000962 4361.92 compl. 47593.62 conserved
4360546 . . . hypothetical
4361925 alanine and
glycine rich
protein
Rv3882¢ 1386 462 CDS NC_000962 4363.42 compl. 50396.58 possible
4362035 ... conserved
4363420 membrane
protein
Rv3883¢ 1338 446 CDS NC_000962 4364.76 compl. 45085.89 possible
4363420 .. secreted
4364757 protease
Rv3884c 1857 619 CDS NC_000962 4366.84 compl. 68040.97 probable
4364982 . .. CBXX/CFQX
4366838 family protein
Rv3885¢ 1611 537 CDS NC_000962 4368.52 compl. 57637.95 possible
4366911 . .. conserved
4368521 membrane
protein

The sequence of the fragment RD1-2F9 (~32 kb) covers
the region of the M. tuberculosis genome AL.123456 from ca
4337 kb to ca. 4369 kb, and also contains the sequence
described in SEQ ID No 1. Therefore, the invention also
embraces M. bovis BCG::RD1 strain and M. microti::RD1
strain which have integrated the sequence as shown in SEQ
IDNo 1.

The above described strains fulfill the aim of the invention
which is to provide an improved tuberculosis vaccine or M.
bovis BCG-based prophylactic or therapeutic agent, or a
recombinant M. microti derivative for these purposes.

The above described M. bovis BCG::RD1 strains are better

tuberculosis vaccines than M. bovis BCG. These strains can
also be improved by reintroducing other genes found in the
RD8 and RD5 loci of M. tuberculosis or any virulent member
of the Mycobacterium tuberculosis complex (M. africanum,
M. bovis, M. canettii). These regions code for additional
T-cell antigens.
As indicated, overexpressing the genes contained in the RD1,
RDS and RD8 regions by means of exogenous promoters is
encompassed by the invention. The same applies regarding
M. microti:RD1 strains. M. microti strains could also be
improved by reintroducing the RD8 locus of M. tuberculosis
or any virulent member of the Mycobacterium tuberculosis
complex (M. africanum, M. bovis, M. canettii).

In a second embodiment, the invention is directed to a
cosmid or a plasmid, more commonly named vectors, com-
prising all or part of the RD1-2F9 region originating from
Mycobacterium tuberculosis or any virulent member of the
Mycobacterium tuberculosis complex (M. africanum, M.
bovis, M. canettii), said region comprising at least one, two,
three or more gene(s) selected from Rv3861 (SEQ ID No 4),
Rv3862 (SEQ ID No 5), Rv3863 (SEQ ID No 6), Rv3864
(SEQIDNo 7), Rv3865 (SEQID No 8), Rv3866 (SEQ ID No
9), Rv3867 (SEQ ID No 10), Rv3868 (SEQ ID No 11),
Rv3869 (SEQ ID No 12), Rv3870 (SEQ ID No 13), Rv3871
(SEQID No 14), Rv3872 (SEQ ID No 15, mycobacterial PE),
Rv3873 (SEQ ID No 16, PPE), Rv3874 (SEQ ID No 17,
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CFP-10), Rv3875 (SEQ ID No 18, ESAT-6), Rv3876 (SEQ
ID No 19), Rv3877 (SEQ ID No 20), Rv3878 (SEQ ID No
21), Rv3879 (SEQ ID No 22), Rv3880 (SEQ ID No 23),
Rv3881 (SEQ ID No 24), Rv3882 (SEQ ID No 25), Rv3883
(SEQID No 26), Rv3884 (SEQID No 27) and Rv3885 (SEQ
ID No 28). The term “vector” refers to a DNA molecule
originating from a virus a bacteria, or the cell of a higher
organism into which another DNA fragment of appropriate
size can be integrated without loss of the vectors Capacity for
self-replication; a vector introduces foreign DNA into host
cells, where it can be reproduced in large quantities.
Examples are plasmids, cosmids, and yeast artificial chromo-
somes; vectors are often recombinant molecules containing
DNA sequences from several sources.

Preferably, a cosmid or a plasmid of the invention com-
prises a part of the RD1-2F9 region originating from Myco-
bacterium tuberculosis or any virulent member of the Myco-
bacterium tuberculosis complex (M. africanum, M. bovis, M.
canettii), said part comprising at least one, two, three or more
gene(s) selected from Rv3867 (SEQ ID No 10), Rv3868
(SEQID No 11), Rv3869 (SEQ ID No 12), Rv3870 (SEQ ID
No 13), Rv3871 (SEQ ID No 14), Rv3872 (SEQ ID No 15,
mycobacterial PE), Rv3873 (SEQ ID No 16, PPE), Rv3874
(SEQID No 17, CFP-10), Rv3875 (SEQ ID No 18, ESAT-6),
Rv3876 (SEQ ID No 19) and Rv3877 (SEQ ID No 20).

Preferably, a cosmid or a plasmid of the invention com-
prises a part of the RD1-2F9 region originating from Myco-
bacterium tuberculosis or any virulent member of the Myco-
bacterium tuberculosis complex (M. africanum, M. bovis, M.
canettii), said part comprising at least one, two, three or more
gene(s) selected from Rv3872 (SEQ ID No 15, mycobacterial
PE), Rv3873 (SEQ ID No 16, PPE), Rv3874 (SEQ ID No 17,
CFP-10), Rv3875 (SEQ ID No 18, ESAT-6) and Rv3876
(SEQID No 19).

Preferably, a cosmid or a plasmid of the invention com-
prises CFP-10, ESAT-6 or both or a part of them. It may also
comprise a mutated gene selected CFP-10, ESAT-6 or both,
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said mutated gene being responsible for the improved immu-
nogenicity and decreased virulence.

A cosmid or a plasmid as mentioned above may comprise
at least four genes selected from Rv3861 (SEQ ID No 4),
Rv3862 (SEQ ID No 5), Rv3863 (SEQ ID No 6), Rv3864
(SEQIDNo 7), Rv3865 (SEQID No 8), Rv3866 (SEQ ID No
9), Rv3867 (SEQ ID No 10), Rv3868 (SEQ ID No 11),
Rv3869 (SEQ ID No 12), Rv3870 (SEQ ID No 13), Rv3871
(SEQID No 14), Rv3872 (SEQ ID No 15, mycobacterial PE),
Rv3873 (SEQ ID No 16, PPE), Rv3874 (SEQ ID No 17,
CFP-10), Rv3875 (SEQ ID No 18; ESAT-6), Rv3876 (SEQ
ID No 19), Rv3877 (SEQ ID No 20), Rv3878 (SEQ ID No
24), Rv3879 (SEQ ID No 22), Rv3880 (SEQ ID No 23),
Rv3881 (SEQ ID No 24), Rv3882 (SEQ ID No 25), Rv3883
(SEQID No 26), Rv3884 (SEQID No 27) and Rv3885 (SEQ
1D No 28), provided that it comprises Rv3874 (SEQ ID No
17, CFP-10) and/or Rv3875 (SEQ ID No 18, ESAT-6)

Advantageously, a cosmid or a plasmid of the invention
comprises a portion of DNA originating from Mycobacte-
rium tuberculosis or any virulent member of the Mycobacte-
rium tuberculosis complex (M. africanum, M. bovis, M.
canettii), which comprises at least Rv3871 (SEQ ID No 14),
Rv3875 (SEQ ID No 18, ESAT-6) and Rv3876 (SEQ ID No
19) or atleast Rv3871 (SEQ ID No 14), Rv3875 (SEQ ID No
18, ESAT-6) and Rv3877 (SEQ ID No 20) or at least Rv3871
(SEQID No 14), Rv3875 (SEQ ID No 18, ESAT-6), Rv3876
(SEQ ID No 19) and Rv3877 (SEQ ID No 20).

The above cosmids or plasmids may, further comprise
Rv3872 (SEQID No 15, mycobacterial PE) Rv3873 (SEQID
No 16, PPE) Rv3874 (SEQ ID No 17, CFP-10). It may also
further comprise at least one, two, three or four gene(s)
selected from Rv3861 (SEQ ID No 4), Rv3862 (SEQ ID No
5), Rv3863 (SEQ ID No 6), Rv3864 (SEQ ID No 7), Rv3865
(SEQIDNo 8), Rv3866 (SEQID No 9), Rv3867 (SEQ ID No
10), Rv3868 (SEQ ID No 11), Rv3869 (SEQ ID No 12),
Rv3870 (SEQ ID No 13), Rv3878 (SEQ ID No 21), Rv3879
(SEQID No 22), Rv3880 (SEQ ID No 23), Rv3881 (SEQ ID
No 24), Rv3882 (SEQ ID No 25), Rv3883 (SEQ ID No 26),
Rv3884 (SEQ ID No 27) and Rv3885 (SEQ ID No 28).

Two particular cosmids of the invention are the cosmids
herein referred as RD1-2F9 and RD1-AP34 contained in the
E. coli strains deposited at the CNCM (Institut Pasteur, 25,
rue du DocteUr Roux, 75724 Paris cedex 15, France) under
the accession number 1-2831 and 1-2832 respectively.

A particular plasmid or cosmid of the invention is one
which has integrated the complete RD1-2F9 region as shown
in SEQ ID No 1.

The invention also relates to the use of these cosmids or
plasmids for transforming M. bovis BCG or M. microti
strains.

As indicated above, these cosmids or plasmids may com-
prise a mutated gene selected from Rv3861 to Rv3885, said
mutated gene being responsible for the improved immunoge-
nicity and decreased virulence.

In another embodiment, the invention embraces a pharma-
ceutical composition comprising a strain as depicted above
and a pharmaceutically acceptable carrier.

In addition to the strains, these pharmaceutical composi-
tions may contain suitable pharmaceutically-acceptable car-
riers comprising excipients and auxiliaries which facilitate
processing of the living vaccine into preparations which can
be used pharmaceutically. Further details on techniques for
formulation and administration may be found in the latest
edition of Remington’s Pharmaceutical Sciences (Maack
Publishing Co., Easton, Pa.).

Preferably, such composition is suitable for oral, intrave-
nous or subcutaneous administration.
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The determination of the effective dose is well within the
capability of those skilled in the art. A therapeutically effec-
tive dose refers to that amount of active ingredient, i.e the
number of strains administered, which ameliorates the symp-
toms or condition. Therapeutic efficacy and toxicity may be
determined by standard pharmaceutical procedures in experi-
mental animals, e.g., ED50 (the dose therapeutically effective
in 50% of the population) and L.D50 (the dose lethal to 50%
of the population). The dose ratio of toxic to therapeutic
effects is the therapeutic index, and it can be expressed as the
ratio, LD5S0/ED50. Pharmaceutical compositions which
exhibit large therapeutic indices are preferred. Of course,
EDS50 is to be modulated according to the mammal to be
treated or vaccinated. In this regard, the invention contem-
plates a composition suitable for human administration as
well as veterinary composition.

The invention is also aimed at a vaccine comprising a M.
bovis BCG::RD1 or M. microti::RD1 strain as depicted above
and a suitable carrier. This vaccine is especially useful for
preventing tuberculosis. It can also be used for treating blad-
der cancer.

The M. bovis BCG::RD1 or M. microti:RD] strains are
also useful as a carrier for the expression and presentation of
foreign antigens or molecules of interest that are of therapeu-
tic or prophylactic interest. Owing to its greater persistence,
BCG::RD1 will present antigens to the immune system over
a longer period thereby inducing stronger, more robust
immune responses and notably protective responses.
Examples of such foreign antigens can be found in patents
and patent applications U.S. Pat. No. 6,191,270 for antigen
LSA3, U.S. Pat. No. 6,096,879 and U.S. Pat. No. 5,314,808
for HBV antigens, EP 201,540 for HIV-1 antigens, U.S. Pat.
No. 5,986,051 for H. pylori antigens and FR 2,744,724 for P.
falciparum MSP-1 antigen.

The invention also concerns a product comprising a strain
as depicted above and at least one protein selected from
ESAT-6 and CFP-10 or epitope derived thereof for a separate,
simultaneous or sequential use for treating tuberculosis.

In still another embodiment, the invention concerns the use
of a M. bovis BCG::RD1 or M. microti::RD1 strain as
depicted above for preventing or treating tuberculosis. It also
concerns the use of a M. bovis BCG::RD1 or M. microti:RD1
strain as a powerful adjuvant/immunomodulator used in the
treatment of superficial bladder cancer.

The invention also contemplates the identification at the
species level of members of the M. tuberculosis complex by
means of an RD-based molecular diagnostic test. Inclusion of
markers for RD17%° and RD5™* would improve the tests and
act as predictors of virulence, especially in humans.

In this regard, the invention concerns a diagnostic kit for
the identification at the species level of members of the M.
tuberculosis complex comprising DNA probes and primers
specifically hybridizing to a DNA portion of the RD1 or RDS5
region of M. tuberculosis, more particularly probes hybridiz-
ing under stringent conditions to a gene selected from
Rv3871 (SEQ ID No 14), Rv3872 (SEQ ID No 15, mycobac-
terial PE), Rv3873 (SEQ ID No 16, PPE), Rv3874 (SEQ ID
No 17, CFP-10), Rv3875 (SEQ ID No 18, ESAT-6), and
Rv3876 (SEQ ID No 19), preferably CFP-10 and ESAT-6.

As used herein, the term “stringent conditions™ refers to
conditions which permit hybridization between the probe
sequences and the polynucleotide sequence to be detected.
Suitably stringent conditions can be defined by, for example,
the concentrations of salt or formamide in the prehybridiza-
tion and hybridization solutions, or by the hybridization tem-
perature, and are well known in the art. In particular, strin-
gency can be increased by reducing the concentration of salt,
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increasing the concentration of formamide, or raising the
hybridization temperature. The temperature range corre-
sponding to a particular level of stringency can be further
narrowed by calculating the purine to pyrimidine ratio of the
nucleic acid of interest and adjusting the temperature accord-
ingly. Variations on the above ranges and conditions are well
known in the art.
Among the preferred primers, we can cite:

primer esat-6F

(SEQ ID No 32)
GTCACGTCCATTCATTCCCT,
primer esat-6R

(SEQ ID No 33)
ATCCCAGTGACGTTGCCTT) ,
primer RD1™* flanking region F

(SEQ ID No 34)
GCAGTGCAAAGGTGCAGATA,
primer RD1™* flanking region R

(SEQ ID No 35)
GATTGAGACACTTGCCACGA,
primer RD5™* flanking region F

(SEQ ID No 39)
GAATGCCGACGTCATATCG,
primer RD5™¢ flanking region R

(SEQ ID NO 40)

CGGCCACTGAGTTCGATTAT.

The present invention covers also the complementary
nucleotide sequences of said above primers as well as the
nucleotide sequences hybridizing under stringent conditions
with them and having at least 20 nucleotides and less than 500
nucleotides.

Diagnostic fits for the identification at the species level of
members of the M. tuberculosis complex comprising at least
one, two, three or more antibodies directed to mycobacterial
PE, PPE, CFP-10, ESAT-6, are also embraced by the inven-
tion.

Preferably, such kit comprises antibodies directed to CFP-
10 and ESAT-6.

As used herein, the term “antibody” refers to intact mol-
ecules as well as fragments thereof, such as Fab, F(ab").sub.2,
and Fv, which are capable of binding the epitopic determi-
nant. Probes or antibodies can be labeled with isotopes, fluo-
rescent or phosphorescent molecules or by any other means
known in the art.

The invention also relates to virulence markers associated
with RD1 and/or RDS regions of the genome of M. tubercu-
losis or a part of these regions.

The invention is further detailed below and will be illus-
trated with the following figures.

FIGURE LEGENDS

FIG. 1: M. bovis BCG and M. microti have a chromosomal
deletion, RD1, spanning the cfp10-esat6 locus.

(A) Map of the cfp10-esat6 region showing the six possible
reading frames and the M. tuberculosis H37Rv gene predic-
tions. This map is also available at: genolist.pasteur.fr/Tuber-
cuList/.

The deleted regions are shown for BCG and M. microti
with their respective H37Rv genome coordinates and the
extent of the conserved ESAT-6 locus (F. Tekaia, et al.,
Tubercle Lung Disease 79, 329 (1999)), is indicated by the
gray bar.

20

25

30

35

40

45

50

55

60

65

16

(B) Table showing characteristics of deleted regions
selected for complementation analysis. Potential virulence
factors and their putative functions disrupted by each deletion
are shown. The coordinates are for the M. tuberculosis H37Rv
genome.

(C) Clones used to complement BCG. Individual clones
spanning RD1 regions (RD1-1106 and RD1-2F9) were
selected from an ordered M. tuberculosis genomic library
(R.B. unpublished) in pYUB412 (S. T. Cole, et al., Nature
393,537 (1998) and W. R. Bange, F. M. Collins, W. R. Jacobs,
Jr., Tuber. Lung Dis. 79, 171 (1999)) and electroporated into
M. bovis BCG strains, or M. microti. Hygromycin-resistant
transformants were verified using PCR specific for the corre-
sponding genes. pAP35 was derived from RD1-2F9 by exci-
sion of an AA fragment pAP34 was constructed by subclon-
ing an EcoRI-Xbal fragment into the integrative vector
pKINT. The ends of each fragment are related to the BCG
RD1 deletion (shaded box) with black lines and the H37Rv
coordinates for the other fragment ends given in kilobases.

(D) Immunoblot analysis, using an ESAT-6 monoclonal
antibody, of whole cell protein extracts from log-phase cul-
tures of (well n° 1) H37Rv (S. T. Cole, et al., Nature 393, 537
(1998)), (n° 2) BCG::pYUB412 (M. A. Behr, et al., Science
284, 1520 (1999)), (n° 3) BCG::RD14106 (R. Brosch; et al.,
Infection Immun. 66,2221 (1998)), (n®4) BCG::RD1-2F9 (8.
V. Gordon, et al., Molec Microbiol 32, 643 (1999)), (n° 5) M.
bovis (H. Salamon et al, Genome Res 10, 2044 (2000)), (n° 6)
Mycobacterium smegmatis (G. G. Mahairas, et al, J. Bacte-
riol. 178, 1274 (1996)), (n° 7) M. smegmatis::pYUB412, and
(n° 8) M. smegmatis:RD1-2F9 (R. Brosch, et al., Proc Natl
Acad Sci USA 99, 3684. (2002)).

FIG. 2: Complementation of BCG Pasteur with the RD1
region alters the colony morphology and leads to accumula-
tion of Rv3873 and ESAT-6 in the cell wall.

(A) Serial dilutions of 3 week old cultures of BCG::
pYUB412, BCG:1106 or BCG::RD1-2F9 growing on
Middlebrook 7H10 agar plates. The white square shows the
area of the plate magnified in the image to the right.

(B) Light microscope image at fifty fold magnification of
BCG::pYUB412 and BCG::RD1-2F9 colonies. 5 pl drops of
bacterial suspensions of each strain were spotted adjacently
onto 7H10 plates and imaged after 10 days growth, illumi-
nating the colonies through the agar.

(C) Immunoblot analysis of different cell fractions of
H37Rv obtained from cvmbs.colostate.edu/microbiology/th/
ResearchMA html using either an anti-ESAT6 antibody or

(D) anti-Rv3873 (PPE) rabbit serum. H37Rv and BOG
signify whole cell extracts from the respective bacteria and
Cyt, Mem and CW correspond to the cytosolic, membrane
and cell wall fractions of M. tuberculosis H37Rv.

FIG. 3: Complementation of BCG Pasteur with the RD1
region increases bacterial persistence and pathogenicity in
mice.

(A) Bacteria in the spleen and lungs of BALB/c mice
following intravenous (i.v.) infection via the lateral tail vein
with 10° colony forming units (cfu) of M. tuberculosis H37TRv
(black) or 107 cfu of either BCG::pYUB412 (light grey) or
BCG::RD1-1106 (grey).

(B) Bacterial persistence in the spleen and lungs of
C57BL/6 mice following infection with 10° cfu of BCG::
pYUB412 (light grey), BCG::RD1-1106 (middle grey) or
BCG::RD1-2F9 (dark grey):

(C) Bacterial multiplication after i.v. infection with 10° cfu
of BCG::pYUB412 (light grey) and BCG::RD1-2F9 (grey) in
severe combined immunodeficiency mice (SCID). For A, B,
and C each timepoint is the mean of 3 to 4 mice and the error
bars represent standard deviations.
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(D) Spleens from SCID mice three weeks after i.v. infec-
tion with 10° cfu of either BCG::pYUB412, BCG::RD1-2F9
or BCG::1301 (an RD3 “knock-in”, FIG. 1B). The scale is in
cm.
FIG. 4: Immunization of mice with BCG::RD1 generates
marked ESAT-6 specific T-cell responses and enhanced pro-
tection to a challenge with M. tuberculosis.

(A) Proliferative response of splenocytes of C57BL/6 mice
immunized subcutaneously (s.c.) with 10° CFU of BCG::
pYUB412 (open squares) or BCG::RD1-2F9 (solid squares)
to in vitro stimulation with various concentrations of syn-
thetic peptides from poliovirus type 1 capsid protein VP1,
ESAT-6 or Ag85A (K. Huygen, et al., Infect. Immun. 62,363
(1994), L. Brandt, J. Immunol. 157, 3527 (1996) and C.
Leclerc et al, J. Virol. 65,711 (1991)).

(B) Proliferation of splenocytes from BCG::RD1-2F9-im-
munised mice in the absence or presence of 10 pg/ml of
ESAT-6 1-20 peptide, with or without 1 pg/ml of anti-CD4
(GK1.5) or anti-CD8 (H35-17-2) monoclonal antibody.
Results are expressed as mean and standard deviation of
*H-thymidine incorporation from duplicate wells.

(C) Concentration of IFN-y in culture supernatants of sple-
nocytes of C57BL/6 mice stimulated for 72 h with peptides or
PPD after s.c. or i.v. immunization with either BCG:
pYUB412 (middle grey and white) or BCG::RD1-2F9 (light
grey and black). Mice were inoculated with either 10° (white
and light grey) or 107 (middle grey and black) cfu. Levels of
IFN-y were quantified using a sandwich ELISA (detection
limit of 500 pg/ml) with the mAbs R4-6A2 and biotin-con-
jugated XMG1.2. Results are expressed as the mean and
standard deviation of duplicate culture wells.

(D) Bacterial counts in the spleen and lungs of vaccinated
and unvaccinated BALB/c mice 2 months after an i.v. chal-
lenge with M. tuberculosis H37Rv. The mice were challenged
2 months after i.v. inoculation with 10° cfu of either BCG::
pYUB412 or BCG::RD1-2F9. Organ homogenates for bac-
terial enumeration were plated on 7H11 medium, with or
without hygromycin, to differentiate M. tuberculosis from
residual BCG colonies. Results are expressed as the mean and
standard deviation of 4 to 5 mice and the levels of significance
derived using the Wilcoxon rank sum test.

FIG. 5: Mycobacterium microti strain OV254 BAC map
(BAC clones named MIXXX, where XXX is the identifica-
tion number of the clone), overlaid on the M. tuberculosis
H37Rv (BAC clones named RvXXX, where XXX is the
identification number of the clone) and M. bovis AF2122/97
(BAC clones named MbXXX, where XXX is the identifica-
tion number of the clone) BAC maps. The scale bars indicate
the position on the M. tuberculosis genome.

FIG. 6: Difference in the region 4340-4360 kb between the
deletion in BCG RD1%°¢ (A) and in M. microti RD17 (C)
relative to M. tuberculosis H37Rv (B).

FIG. 7: Difference in the region 3121-3127 kb between M.
tuberculosis H37Rv. (A) and M. microti OV254 (B). Gray
boxes picture the direct repeats (DR), black ones the unique
numbered spacer sequences. * spacer sequence identical to
the one of spacer 58 reported by van Embden et al. (42). Note
that spacers 33-36 and 20-22 are not shown because H37Rv
lacks these spacers.

FIG. 8: A) Asel PFGE profiles of various M. microti strains;
Hybridization with a radiolabeled B) esat-6 probe; C) probe
of the RD1™* flanking region; D) plcA probe. 1. M. bovis
AF2122/97, 2. M. canetti, 3. M. bovis BCG Pasteur, 4. M.
tuberculosis H3TRv, 5. M. microti OV254, 6. M. microti Myc
94-2272,7. M. microti B3 type mouse, 8. M. microti B4 type
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mouse, 9. M. microti B2 type llama, 10. M. microti B type
llama, 11. M. microti ATCC 35782. M: Low range PFGE
marker (NEB).

FIG. 9: PCR products obtained from various M. microti
strains using primers that flank the RD1 region, for ampli-
fying ESAT-6 antigen, that flank the MiD2 region. 1. M.
microti B1 type llama, 2. M. microti B4 type mouse, 3. M.
microti B3 type mouse, 4. M. microti B2 type llama, 5. M.
microti ATCC35782,6. M. microti OV254,7. M. microti Myc
94-2272; 8. M. tuberculosis H37Rv.

FIG. 10: Map ofthe M. tuberculosis H37Rv RD1 genomic
region. Map of the fragments used to complement BCG and
M. microti (black) and the genomic regions deleted from
different mycobacterial strains (grey). The middle part show
key genes, putative promoters (P) and transcripts, the various
proteins from RD1 region, their sites (number of amino acid
residues), InterPro domains ebi.ac.uk/interpro/, membership
of M. tuberculosis protein families from Tuberculist geno-
list.pasteur.fr/TubercuList/. The dashed lines mark the extent
of the RD1 deletion in BCG, M. microti and M. tuberculosis
clinical isolate MT56 (Brosch, R., et al. A new evolutionary
scenario for the Mycobacterium tuberculosis complex. Proc
Natl Aced Sci US4 99, 3684-9. (2002)). M. bovis AF2122/97
is shown because it contains a frameshift mutationin Rv3881,
a gene flanking the RD1 region of BCG. The fragments are
drawn to show their ends in relation to the genetic map, unless
they extend beyond the genomic region indicated. pRD1-2F9,
pRD1-1106 and pAP35 are based on pYUB312; pAP34 on
pKINT; pAP47 and pAP48 on pSMS81.

FIG. 11: Western blot analysis of various RD1 knock-ins of
M. bovis BCG and M. microti. The left panel sows results of
immunodetection of ESAT-6, CFP-10 and PPE68 (Rv3873)
in whole cells lysates (WCL) and culture supernatants of
BCG; the center panel displays the equivalent findings from
M. microti and the right panel contains M. tuberculosis
H37Rv control samples. Samples from mycobacteria trans-
formed with the following plasmids were present in lanes: —,
pYUB412 vector control; 1, pAP34; 2, pAP35; 3, RD1-1106,
4, RD1-2F9. The positions of the nearest molecular weight
markers are indicated.

FIG. 12: Analysis of immune responses induced by BCG
recombinants. A, The upper three panels display the results of
splenocyte proliferation assays in response to stimulation in
vitro with a peptide from MalE (negative control), to PPD or
to a peptide containing an immunodominant CD4-epitope
from ESAT-6. B, The lower panel shows IFN-(production by
splenocytes in response to the same antigens. Symbols indi-
cate the nature of the various BCG transformants. Samples
were taken from C57BL16 mice immunized subcutaneously.

FIG. 13: Further immunological characterization of
responses to BCG::RD1-2F9 A, Proliferative response of
splenocytes of C57BL/6 mice immunized subcutaneously
(s.c.) with 10° CFU of BCG::pYUB412 or BCG::RD1-2F9 to
in vitro stimulation with various concentrations of synthetic
peptides from poliovirus type 1 capsid protein VP1 (negative
control), ESAT-6 or Ag85A (see Methods for details). B,
Proliferation of splenocytes from BCG::RD1-2F9 immu-
nized mice in the absence or presence of ESAT-6 1-20 pep-
tide, with or without anti-CD4 or anti-CD8 monoclonal anti-
body. Results are expressed as mean and standard deviation of
*H-thymidine incorporation from duplicate wells. C, Con-
centration of IFN-(in culture supernatants of splenocytes of
C57BL/6 mice stimulated for 72 h with peptides or PPD after
s.c. or i.v. immunization with either BCG::pYUB412 or
BCG::RD1-2F9. Mice were inoculated with either 10° or 107
CFU. Results are expressed as the mean and standard devia-
tion of duplicate culture wells.
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FIG. 14: Mouse protection studies. A, Bacterial counts in
the spleen and lungs of vaccinated and unvaccinated C57BU6
mice 2 months after an i.v. challenge with M. tuberculosis
H37Rv. The mice were challenged 2 months after i.v. inocu-
lation with 106 cfu of either BCG::pYUB412 or BCG::RD1-
2F9. Organ homogenates for bacterial enumeration were
plated on 7H11 medium, with or without hygromycin, to
differentiate M. tuberculosis from residual BCG colonies.
Results are expressed as the mean and standard deviation of 4
mice. Hatched columns correspond to the cohort of unvacci-
nated mice, while white and black columns correspond to
mice vaccinated with BCG::pYUB412 and BCG::RD1-2F9,
respectively. B, Bacterial counts in the spleen and lungs of
vaccinated and unvaccinated C57BL6 mice after an aerosol
challenge with 1000 CFUs of M. tuberculosis. All mice were
treated with antibiotics for three weeks prior to infection with
M. tuberculosis. Data are the mean and SE measured on
groups of three animals, and differences between groups were
analyzed using ANOVA (*p<0.05, **p<0.01).

FIG. 15: Guinea pig protection studies. A, Mean weight
gain of vaccinated and unvaccinated guinea pigs following
aerosol infection with M. tuberculosis H37Rv. Guinea pigs
were vaccinated with either saline (triangles), BCG (squares)
or BCG:RD1-2F9 (filled circles). The error bars are the stan-
dard error of the mean. Each time point represents the mean
weight of six guinea pigs. For the saline vaccinated group the
last live weight was used for calculating the means as the
animals were killed on signs of severe tuberculosis which
occurred after 50, 59, 71, 72, 93 and 93 days. B, Mean bac-
terial counts in the spleen and lungs of vaccinated and unvac-
cinated guinea pigs after an aerosol challenge with M. tuber-
culosis H37Rv. Groups of 6 guinea pigs were vaccinated
subcutaneously with either saline, BCG or BCG::RD1-2F9
and infected 56 days later. Vaccinated animals were killed 120
days following infection and unvaccinated ones on signs of
suffering or significant weight loss. The error bars represent
the standard error of the mean of six observations. C, Spleens
of vaccinated guinea pigs 120 days after infection with M.
tuberculosis H37Rv; left, animal immunized with BCG;
right, animal immunized with BCG::RD1-2F9.

FIG. 16: Diagram of the M. tuberculosis H37Rv genomic
region showing a working model for biogenesis and export of
ESAT-6 proteins. It presents a possible functional model indi-
cating predicted subcellular localization and potential inter-
actions within the mycobacterial cell envelope. Rosetta stone
analysis indicates direct interaction between proteins Rv3870
and Rv3871, and the sequence similarity between the N-ter-
minal domains of Rv3868 and Rv3876 suggests that these
putative chaperones might also interact. Rv3868 is a member
of the AAA-family of ATPases that perform chaperone-like
functions by assisting in the assembly, and disassembly of
protein complexes (Neuwald, A. F., Aravind, L., Spouge, J. L.
& Koonin, E N. AAA+; A class of chaperone-like ATPases
associated with the assembly, operation, and disassembly of
protein complexes. Genome Res 9,27-43. (1999).). It is strik-
ing that many type III secretion systems require chaperones
for stabilization of the effector proteins that they secrete and
for prevention of premature protein-protein interactions
(Page, A. L. & Parsot, C. Chaperones of the type I1I secretion
pathway: jacks of all trades. Mol Microbiol 46, 1-11.(2002).).
Thus, Rv3868, and possibly Rv3876, may be required for the
folding and/or dimerization of ESAT-6/CFP-10 proteins
(Renshaw, P. S., et al. Conclusive evidence that the major
T-cell antigens of the M. tuberculosis complex ESAT-6 and
CFP-10 form a tight, 1:1 complex and characterization of the
structural properties of ESAT-6, CFP-10 and the ESAT-6-
CFP-10 complex: implications for pathogenesis and viru-
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lence. J Biol Chem 8, 8 (2002).), or even to prevent premature
dimerization. ESAT-6/CFP-10 are predicted to be exported
through a transmembrane channel, consisting of at least
Rv3870, Rv3871, and Rv3877, and possibly Rv3869, in a
process catalyzed by ATP-hydrolysis. Rv3873 (PPE 68) is
known to occur in the cell envelope and may also be involved
as shown herein.

EXAMPLE 1

Preparation and Assessment of M. bovis BCG::RD1
Strains as a Vaccine for Treating or Preventing
Tuberculosis

As mentioned above, we have found that complementation
with RD1 was accompanied by a change in colonial appear-
ance as the BCG Pasteur “knock-in” strains developed a
strikingly different morphotype (FIG. 2A). The RD1 comple-
mented strains adopted a spreading, less-rugose morphology,
that is characteristic of M. bovis, and this was more apparent
when the colonies were inspected by light microscopy (FIG.
2B). Maps of the clones used are shown (FIG. 1C). These
changes were seen following complementation with all of the
RD1 constructs (FIG. 1C) and on complementing M. microti
(data not shown). Pertinently, Calmette and Guérin (A. Cal-
mette, La vaccination preventive contre la tuberculose. (Mas-
son et cie., Paris, 1927)) observed a change in colony mor-
phology during their initial passaging of M. bovis, and our
experiments now demonstrate that this change, correspond-
ing to loss of RD1, directly contributed to attenuating this
virulent strain. The integrity of the cell wall is known to be a
key virulence determinant for M. tuberculosis (C. E. Barry,
Trends Microbiol 9, 237 (2001)), and changes in both cell
wall lipids (M. S. Glickman, J. S. Cox, W. R. Jacobs, Jr., Mo/
Cell 5,717 (2000)) and protein (F. X. Berthet, et al., Science
282, 759 (1998)) have been shown to alter colony morphol-
ogy and diminish persistence in animal models.

To determine which genes were implicated in these mor-
phological changes, antibodies recognising three RD1 pro-
teins (Rv3873, CFP10 and ESAT-6) were used in immuno-
cytological and subcellular fractionation analysis. When the
different cell fractions from M. tuberculosis were immunob-
lotted all three proteins were localized in the cell wall fraction
(FIG. 2C) though significant quantities of Rv3873, a PPE
protein, were also detected in the membrane and cytosolic
fractions (FIG. 2D). Using immunogold staining and electron
Microscopy the presence of ESAT-6 in the envelope of M.
tuberculosis was confirmed but no alteration in capsular ultra-
structure could be detected (data not shown). Previously,
CFP-10 and ESAT-6 have been considered as secreted pro-
teins (F. X. Berthet et al, Microbiology 144, 3195 (1998)) but
our results suggest that their biological functions are linked
directly with the cell wall:

Changes in colonial morphology are often accompanied by
altered bacterial virulence. Initial assessment of the growth of
different BCG::RD1 “knock-ins” in C57BL/6 or BALB/c
mice following intravenous infection revealed that comple-
mentation did not restore levels of virulence to those of the
reference strain M. tuberculosis H37Rv (FIG. 3A). In longer-
term experiments, modest yet significant differences were
detected in the persistence of the BCG::RD1 “knock-ins™ in
comparison to BCG controls. Following intravenous infec-
tion of C57B116 mice, only the RD1 “knock-ins” were still
detectable in the lungs after 106 days (FIG. 3B). This difter-
ence in virulence between the RD1 recombinants and the
BCG vector control was more pronounced in severe com-
bined immunodeficiency (SCID) mice (FIG. 3C). The BCG::
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RD1-2F9 “knock-in” was markedly more virulent, as evi-
denced by the growth rate in lungs and spleen and also by an
increased degree of splenomegaly (FIG. 3D). Cytological
examination revealed numerous bacilli, extensive cellular
infiltration and granuloma formation. These increases in viru-
lence following complementation with the RD1 region, dem-
onstrate that the loss of this genomic locus contributed to the
attenuation of BCG.

The inability to restore full virulence to BCG Pasteur was
not due to instability of our constructs nor to the strain used
(data not shown). Essentially identical results were obtained
on complementing BCG Russia, a strain less passaged than
BCG Pasteur and presumed, therefore, to be closer to the
original ancestor (M. A. Behr, et al., Science 284, 1520
(1999)). This indicates that the attenuation of BCG was a
polymutational process and loss of residual virulence for
animals was documented in, the late 1920s (T. Oettinger, et al,
Tuber Lung Dis 79,243 (1999)). Using the same experimental
strategy, we also tested the effects of complementing with
RD3-5, RD7 and RD9 (S. T. Cole, et al., Nature 393, 537
(1998); M. A. Behr, et al., Science 284, 1520 (1999); Brosch,
et al., Infection Immun. 66,2221 (1998) and S. V. Gordon et
al., Molec Microbial 32, 643 (1999)) encoding putative viru-
lence factors (FIG. 1B). Reintroduction of these regions,
which are not restricted to avirulent strains, did not affect
virulence in immuno-competent mice. Although it is possible
that deletion effects act synergistically it seems more plau-
sible that other attenuating mechanisms are at play.

Since RD1 encodes at least two potent T-cell antigens (R.
Colangelli, et al., Infect. Immun. 68, 990 (2000), M. Harboe,
etal., Infect. Immun. 66,717 (1998) and R. L. V. Skj@it, et al.,
Infect. Immun. 68, 214 (2000)), we investigated whether its
restoration induced immune responses to these antigens or
even improved the protective capacity of BCG. Three weeks
following either intravenous or subcutaneous inoculation
with BCG::RD1 or BCG controls, we observed similar pro-
liferation of splenocytes to an Ag85A (an antigenic BCG
protein) peptide (K. Huygen, et al., Infect. Immun. 62, 363
(1994)), but not against a control viral peptide (FIG. 4A).
Moreover, BCG::RD1 generated powerful CD4* T-cell
responses against the ESAT-6 peptide as shown by splenocyte
proliferation (FIG. 4A, B) and strong IFN-y production (FIG.
4C). In contrast, the BCG::pYUB412 control did not stimu-
late ESAT-6 specific T-cell responses thus indicating that
these were mediated by the RD1 locus. ESAT-6 is, therefore,
highly immunogenic in mice in the context of recombinant
BCG.

When used as a subunit vaccine, ESAT-6 elicits T-cell
responses and induces levels of protection weaker than but
akin to those of BCG (L. Brandt et al, Infect. Immun. 68, 791
(2000)). Challenge experiments were conducted to determine
if induction of immune responses to BCG::RD1-encoded
antigens, such as ESAT-6, could improve protection against
infection with M. tuberculosis. Groups of mice inoculated
with either BCG::pYUB412 or BCG::RD1 were subse-
quently infected intravenously with M. tuberculosis H37Rv.
These experiments showed that immunization with the
BCG::RD1 “knock-in” inhibited the growth of M. tuberculo-
sis within both BALB/c (FIG. 4D) and C57BL/6 mice when
compared to inoculation with BCG alone.

Although the increases in protection induced by BCG::
RD1 and the BCG control are modest they demonstrate con-
vincingly that genetic differences have developed between
the live vaccine and the pathogen which have weakened the
protective capacity of BCG. This study therefore defines the
genetic basis of a compromise that has occurred, during the
attenuation process, between loss of virulence and reduced
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protection (M. A. Behr, P. M. Small, Nature 389, 133 (1997)).
The strategy of reintroducing, or even overproducing (M. A.
Horwitz et al, Proc Natl Acad Sci USA 91, 13853 (2000)), the
missing immunodominant antigens of M. tuberculosis in
BCG, could be combined with an immuno-neutral attenuat-
ing mutation to create a more efficacious tuberculosis vac-
cine.

EXAMPLE 2

BAC Based Comparative Genomics Identifies
Mycobacterium microti as a Natural ESAT-6
Deletion Mutant

We searched for any genetic differences between human
and vole isolates that might explain their different degree of
virulence and host preference and what makes the vole iso-
lates harmless for humans. In this regard, comparative
genomics methods were employed in connection with the
present invention to identify major differences that may exist
between the M. microti reference strain OV254 and the
entirely sequenced strains of M. tuberculosis H37Rv (10) or
M. bovis AF2122/97 (14). An ordered Bacterial Artificial
Chromosome (BAC) library of M. microti OV254 was con-
structed and individual BAC to BAC comparison of a mini-
mal set of these clones with BAC clones from previously
constructed libraries of M. tuberculosis H37Rv and M. bovis
AF2122/97 was undertaken.

Ten regions were detected in M. microti that were different
to the corresponding genomic regions in M. tuberculosis and
M. bovis. To investigate if these regions were associated with
the ability of M. microti strains to infect humans, their genetic
organization was studied in 8 additional M. microti strains;
including those isolated recently from patients with pulmo-
nary tuberculosis. This analysis identified some regions that
were specifically absent from all tested M. microti strains, but
present in all other members of the M. tuberculosis complex
and other regions that were only absent from vole isolates of
M. microti.

2.1 Materials and Methods

Bacterial Strains and Plasmids.

M. microti OV254 which was originally isolated from
voles in the UK in the 1930’s was kindly supplied by M J
Colston (45). DNA from M. microti OV216 and OV183 were
included in a set of strains used during a multicenter study
(26). M. microti Myc 94-2272 was isolated in 1988 from the
perfusion fluid of a 41-year-old dialysis patient (43) and was
kindly provided by L. M. Parsons. M. microti. 35782 was
purchased from American Type Culture Collection (designa-
tion TMC 1608 (M. P. Prague)). M. microti B1 type llama, B2
type llama, B3 type mouse and B4 type mouse were obtained
from the collection of the National Reference Center for
Mycobacteria, Forschungszentrum Borstel, Germany. M.
bovis strain AF2122/97, spoligotype 9 was responsible for a
herd outbreak in Devon in the UK and has been isolated from
lesions in both cattle and badgers. Typically, mycobacteria
were grown on 7H9 Middlebrook liquid medium (Difco)
containing 10% oleic-acid-dextrose-catalase (Difco), 0.2%
pyruvic acid and 0.05% Tween 80.

Library Construction, Preparation of BAC DNA and
Sequencing Reactions.

Preparation of agarose-embedded genomic DNA from M.
microti strain OV254, M. tuberculosis H37Rv, M. bovis BCG
was performed as described by Brosch et al. (5). The M.
microti library was constructed by ligation of partially
digested HindIII fragments (50-125 kb) into pBeloBAC11.
From the 10,000 clones that were obtained, 2,000 were
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picked into 96 well plates and stored at —80° C. Plasmid
preparations of recombinant clones for sequencing reactions
were obtained by pooling eight copies of 96 well plates, with
each well containing an overnight culture in 250 pl 2YT
medium with 12.5 ug-ml™ chloramphenicol. After 5 min
centrifugation at 3000 rpm; the bacterial pellets were resus-
pended in 25 pl of solution A (25 mM Tris, pH 8.0, 50 mM
glucose and 10 mM EDTA), cells were lysed by adding 25 pl
of'buffer B(NaOH 0.2 M, SDS 0.2%). Then 20 ul of cold 3 M
sodium acetate pH 4.8 were added and kept on ice for 30 min.
After centrifugation at 3000 rpm for 30 min, the pooled
supernatants (140 pl) were transferred to new plates. 130 pl of
isopropanol were added, and after 30 min on ice, DNA was
pelleted by centrifugation at 3500 rpm for IS min. The super-
natant was discarded and the pellet resuspended in 50 pul of'a
10 ng/ml RNAse A solution (in Tris 10 mM pH 7.5/EDTA 10
mM) and incubated at 64° C. for 15 min. After precipitation
(2.5 pl of sodium acetate 3 M pH 7 and 200 pl of absolute
ethanol) pellets were rinsed with 200 ul of 70% ethanol, air
dried and finally suspended in 20 pl of TE buffer.

End-sequencing reactions were performed with a Taq
DyeDeoxy Terminator cycle sequencing kit (Applied Biosys-
tems) using a mixture of 13 ul of DNA solution, 2 ul of Primer
(2 uM) (SP6-BAC1, AGTTAGCTCACTCATTAGGCA
(SEQ ID No 15), or T7-BAC1, GGATGTGCTGCAAGGC-
GATTA (SEQID No 16)). 2.5 ul of Big Dye and 2.5 ul of'a 5x
buffer (50 mM MgCl,, 50 mM Tris). Thermal cycling was
performed on a PTC-100 amplifier (MJ Inc.) with an initial
denaturation step of 60 s at 95° C., followed by 90 cycles of 15
s at 95° C., 15 s at 56° C., 4 min at 60° C. DNA was then
precipitated with 80 ul of 76% ethanol and centrifuged at
3000 rpm for 30 min. After discarding the supernatant, DNA
was finally rinsed with 80 pl of 70% ethanol and resuspended
in appropriate buffers depending on the type of automated
sequencer used (ABI 377 or ABI 3700). Sequence data were
transferred to Digital workstations and edited using the TED
software from the Staden package (37). Edited sequences
were compared against the M. tuberculosis H37Rv database
genolist.pasteur.fr/Tuberculist/, the M. bovis BLAST server
sanger.ac.uk/Projects/M bovis/blast, and in-house databases
to determine the relative positions of the M. microti OV254
BAC end-sequences.

Preparation of BAC DNA from Recombinants and BAC
Digestion Profile Comparison.

DNA for digestion was prepared as previously described
(4). DNA (1 pg) was digested with HindIII (Boehringer) and
restriction products separated by pulsed-field gel electro-
phoresis (PFGE) on a Biorad CHEF-DR III system using a
1% (w/v) agarose gel and a pulse of 3.5 s for 17 hat 6 V-em™!
Low-range PFGE markers (NEB) were used as size stan-
dards. Insert sizes were estimated after ethidium bromide
staining and visualization with UV light. Different compari-
sons were made with overlapping clones from the M. microti
OV254, M. bovis AF2122/97, and M. tuberculosis H37TRv
pBeloBAC11 libraries.

PCR Analysis to Determine Presence of Genes in Different
M. microti Strains.

Reactions contained 5 pl of 10xPCR buffer (100 mM
p-mercaptoethanol, 600 mM Tris-HCl, pH 8.8, 20 mM
MgCl,, 170 mM (NH,,),SO,, 20 mM nucleotide mix dNTP),
2.5 ul of each primer at 2 uM, 10 ng of template DNA, 10%
DMSO and 0.5 unit of Taq polymerase in a final volume of
12.5 ul. Thermal cycling was performed on a PTC-100 ampli-
fier (MJ Inc.) with an initial denaturation step 0f90s at 95° C.,
followed by 35 cycles 0of 45 s at 95° C., 1 min at 60° C. and 2
min at 72° C.
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RFLP Analysis.

In brief, agarose plugs of genomic DNA prepared as pre-
viously described (5) were digested with either Asel, Dral or
Xbal (NEB), then electrophoresed on a 1% agarose gel, and
finally transferred to Hybond-C extra nitrocellulose mem-
branes (Amersham). Different probes were amplified by PCR
from the M. microti strain OV254 or M. tuberculosis H37Rv
using primers for:
esat-6 (esat-6F GTCACGTCCATTCATTCCCT (SEQID Ne
17);
esat-6R ATCCCAGTGACGTTGCCTT) (SEQ ID No 18),
the RD17% flanking region (4340, 209F GCAGTGCAAAG-
GTGCAGATA (SEQ ID No 19); 4354,701R GATTGAGA-
CACTTGCCACGA (SEQ ID No 20)), or
plcA (plcA.int F CAAGTTGGGTCTGGTCGAAT (SEQ No
21); plcA.intR GCTACCCAAGGTCTCCTGGT (SEQ ID
No 22)). Amplification products were radio-labeled by using
the Stratagene Prime-It II kit (Stratagene). Hybridizations
were performed at 65° C. in a solution containing NaC1 0.8 M,
EDTA pH 8, 5mM, sodium phosphate 50 mM pH 8, 2% SDS,
1xDenhardt’s reagent and 100 pg/ml salmon sperm DNA
(Genaxis). Membranes Were exposed to phosphorimager
screens and images were digitalized by using a STORM
phospho-imager.

DNA Sequence Accession Numbers.

The nucleotide sequences that flank MID1, MiD2, MiD3
as well as the junction sequence of RD17* have been depos-
ited in the EMBL database. Accession numbers are
AJ345005, AJ345006, AJ315556 and AJ315557, respec-
tively.

2.2 Results

Establishment of a Complete Ordered BAC Library of M.
microti OV254.

Electroporation of pBeloBAC11 containing partial HindIII
digests of M. microti OV254 DNA into Escherichia coli
DH10B yielded about 10,000 recombinant clones, from
which 2,000 were isolated and stored in 96-well plates. Using
the complete sequence of the M. ruberculosis H37Rv genome
as a scaffold, end-sequencing of 384 randomly chosen M.
microti BAC clones allowed us to select enough clones to
cover almost all of the 4.4 Mb chromosome. A few rare clones
that spanned regions that were not covered by this approach
were identified by PCR screening of pools as previously
described (4). This resulted in a minimal set of 50 BACs,
covering over 99.9% of the M. microti OV254 genome, whose
positions relative to M. tuberculosis H37Rv are shown in FI1G.
5. The insert size ranged between 50 and 125 kb, and the
recombinant clones were stable. Compared with other BAC
libraries from tubercle bacilli (4, 13) the M. microti OV254
BAC library contained clones that were generally larger than
those obtained previously, which facilitated the comparative
genomics approach, described below.

Identification of DNA Deletions in M. microti OV254
Relative to M. tuberculosis H37Rv by Comparative Genom-
ics.

The minimal overlapping set of 50 BAC clones, together
with the availability of three other ordered BAC libraries from
M. tuberculosis H37Rv, M. bovis BCG Pasteur 1173P2 (5, 13)
and M. bovis AF2122/97 (14) allowed us to carry out direct
BAC to BAC comparison of clones spanning the same
genomic regions. Size differences of PFGE-separated Hin-
dIII restriction fragments from M. microti OV254 BACs,
relative to restriction fragments from M. bovis and/or M.
tuberculosis BAC clones, identified loci that differed among
the tested strains. Size variations of at least 2 kb were easily
detectable and 10 deleted regions, evenly distributed around
the genome, and containing more than 60 open reading
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frames (ORFs), were identified. These regions represent over
60 kb that are missing from M. microti OV254 strain com-
pared to M. tuberculosis H37Rv. First, it was found that
phiRv2 (RD11), one of the two M. tuberculosis H37Rv
prophages was present in M. microti OV254, whereas
phiRv1, also referred to as RD3 (29) was absent. Second, it
was found that M. microti lacks four of the genomic regions
that were also absent from M. bovis BCG. In fact, these four
regions of difference named RD7, RD8, RD9 and RD10 are
absent from all members of the M. tuberculosis complex with
the exception of M. tuberculosis and M. canettii, and seem to
have been lost from a common progenitor strain of M. afri-
canum, M. microti and M. bovis (3). As such, our results
obtained with individual BAC to BAC comparisons show that
M. microti is part of this non-M. tuberculosis lineage of the
tubercle bacilli, and this assumption was further confirmed by
sequencing the junction regions of RD7-RD10 in M. microti
0OV254. The sequences obtained were identical to those from
M. africanum, M. bovis and M. bovis BCG strains. Apart from
these four conserved regions of difference, and phiRv1 (RD3)
M. microti OV254 did not show any other RDs with identical
junction regions to M. bovis BCG Pasteur, which misses at
least 17 RDs relative to M. tuberculosis H37Rv (1, 13, 35).
However, five other regions missing from the genome of M.
microti OV254 relative to M. tuberculosis H37Rv were iden-
tified (RD17%¢, RD5™*, MiD1, MiD2, MiD3). Such regions
are specific either for strain OV254 or for M. microti strains in
general. Interestingly, two of these regions, RD17¢, RD5™*
partially overlap RDs from the M. bovis BCG.

Antigens ESAT-6 and CFP-10 are Absent from M. microti.

One of the most interesting findings of the BAC to BAC
comparison was a novel deletion in a genomic region close to
the origin of replication (FIG. 5). Detailed PCR and sequence
analysis of this region in M. microti OV254 showed a segment
of 14 kb to be missing (equivalent to M. tuberculosis H37Rv
from 4340.4 to 4354.5 kb) that partly overlapped RD1°<€
absent from M. bovis BCG. More precisely, ORFs Rv3864
and Rv3876 are truncated in M. microti OV254 and ORFs
Rv3865 to Rv3875 are absent (FIG. 6). This observation is
particularly interesting as previous comparative genomic
analysis identified RD1%€ as the only RD region that is spe-
cifically absent from all BCG sub-strains but present in all
other members of the M. tuberculosis complex (1, 4, 13, 29,
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35). As shown in FIG. 6, in M. microti OV254 the RD17*
deletion is responsible for the loss of a large portion of the
conserved ESAT-6 family core region (40) including the
genes coding for the major T-cell antigens ESAT-6 and CFP-
10 (2, 15). The fact that previous deletion screening protocols
employed primer sequences that were designed for the right
hand portion of the RD1%7€ region (i.e. gene Rv3878) (6, 39)
explains why the RD 1™ deletion was not detected earlier by
these investigations. FIG. 6 shows that RD17 does not affect
genes Rv3877, Rv3878 and Rv3879 which are part of the

10 .
RD1%7 deletion.
Deletion of Phospholipase-C Genes in M. microti OV254.
RDS5™, the other region absent from M. microti OV254,
that partially overlapped an RD region from BCG, was
15 revealed by comparison of BAC clone Mil8AS with BAC
Rv143 (FIG. 5). PCR analysis and sequencing of the junction
region revealed that RD5™¢ was smaller than the RD5 dele-
tion in BCG (Table 2 and 3 below).
0 TABLE 2
Description of the putative function of the deleted and
truncated ORFs in M. microti OV254
Region Start-End  overlapping ORF  Putative Function or family
25 RD 10 264.5-266.5 Rv0221-Rv0223  echAl
RD 3 1779.5-1788.5 Rv1573-Rv1586  bacteriophage proteins
RD7 2207.5-2220.5 Rv1964-Rv1977  yrbE3A-3B; mce3A-F;
unknown
RD 9 2330-2332  Rv2072-Rv2075  cobL; probable
oxidoreductase; unknown
30 RD3™°  2627.6-2633.4 Rv2348-Rv2352  plc A-C; member of PPE
family
MiD1 3121.8-3126.6 Rv2816-Rv2819  IS6110 transposase;
unknown
MiD2 3554.0-3755.2 Rv3187-Rv3190  IS6110 transposase;
unknown
35 MiD3 3741.1-3755.7 Rv3345-Rv3349 members of the PE-PGRS
and PPE families; insertion
elements
RD8 4056.8-4062.7 Rv3617-Rv3618  ephA; IpqG; member of the
PE-PGRS family
RD1™¢  4340.4-4354.5 Rv3864-Rv3876 member of the CBXX/CF
40 QX family; member of the
PE and PPE families;
ESAT-6; CFP10; unknown
TABLE 3

Sequence at the junction

of the deleted regions in M. microti OV254

JunctionPosition ORFs Sequences at the junction Flanking primers

RD1™%* 4340,421- Rv3864- CAAGACGAGGTTGTAAAACCTCGACG 4340,209F (SEQ ID No 19)

(SEQ ID 4354,533 Rv3876 CAGGATCGGCGATGAAATGCCAGTCG GCAGTGCAAAGGTGCAGATA

No 23) GCGTCGCTGAGCGCGCGCTGCGCCGA 4354,701R (SEQ ID No 20)
GTCCCATTTTGTCGCTGATTTGTTTGAACA GATTGAGACACTTGCCACGA
GCGACGAACCGGTGTTGAAAATGTCGCCT
GGGTCGGGGATTCCCT

RD5™* 2627,831- Rv2349- CCTCGATGAACCACCTGACATGACCC 2627,370F (SEQ ID No 24)

(SEQ ID 2635,581 Rv2355 CATCCTTTCCAAGAACTGGAGTCTCC GAATGCCGACGTCATATCG

No 26) GGACATGCCGGGGCGGTTCACTGCCC 2633,692R (SEQ ID No 25)
CAGGTGTCCTGGGTCGTTCCGTTGACCGT CGGCCACTGAGTTCGATTAT
CGAGTCCGAACATCCGTCATTCCCGGTGG
CAGTCGGTGCGGTGAC

MiD1 3121,880- Rv2815c- CACCTGACATGACCCCATCCTTTCCA 3121, 690F (SEQ ID No 27)

(SEQ ID 3126,684 Rv2818c AGAACTGGAGTCTCCGGACATGCCGG CAGCCAACACCAAGTAGACG

No 29) GGCGGTTCAGGGACATTCATGTCCATCTT 3126,924R (SEQ ID No 28)
CTGGCAGATCAGCAGATCGCTTGTTCTCAG TCTACCTGCAGTCGCTTGTG

TGCAGGTGAGTC
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TABLE 3-continued
Sequence at the junction of the deleted regiong in M. microti OV254
JunctionPosition ORFs Sequences at the junction Flanking primers
MiD2 3554,066- Rv3188- GCTGCCTACTACGCTCAACGCCAGAG 3553,880F (SEQ ID No 30)
(SEQ ID 3555,259 Rv3189 ACCAGCCGCCGGCTGAGGTCTCAGAT GTCCATCGAGGATGTCGAGT
No 32) CAGAGAGTCTCCGGACTCACCGGGGC 3555,385R (SEQ ID No 31)
GGTTCATAAAGGCTTCGAGACCGGACGG CTAGGCCATTCCGTTGTCTG
GCTGTAGGTTCCTCAACTGTGTGGCGGAT
GGTCTGAGCACTTAAC
MiD3 3741,139- Rv3345c- TGGCGCCGGCACCTCCGTTGCCACCG 3740,950F (SEQ ID No 33)
(SEQ ID 3755,777 Rv3349d TTGCCGCCGCTGGTGGGCGCGGTGCC GGCGACGCCATTTCC
No 35) GTTCGCCCCGGCCGAACCGTTCAGGG 3755,988R (SEQ ID No 34)
CCGGGTTCGCCCTCAGCCGCTAAACACG AACTGTCGGGCTTGCTCTT

CCGACCAAGATCAACGAGCTACCTGCCCG
GTCAAGGTTGAAGAGCCCCCATATCAGCA

AGGGCCCGGTGTCGGCG

In fact, M. microti OV254 lacks the genes plcA, plcB, plcC
and one specific PPE-protein encoding gene (Rv2352). This
was confirmed by the absence of a clear band on a Southern
blot of Asel digested genomic DNA from M. microti OV254
hybridized with a plcA probe. However, the genes Rv2346¢
and Rv2347c, members of the esat-6 family, and Rv2348c,
that are missing from M. bovis and BCG strains (3) are still
present in M. microti OV254. The presence of an 1S6110
element in this segment suggests that recombination between
two I1S6110 elements could have been involved in the loss of
RD57%, and this is supported by the finding that the remain-
ing copy of IS6110 does not show a 3 base-pair direct repeat
in strain OV254 (Table 3).

Lack of MiD1 Provides Genomic Clue for M. microti
OV254 Characteristic Spoligotype.

MiD1 encompasses the three ORFs Rv2816, Rv2817 and
Rv2818 that encode putative proteins whose functions are yet
unknown, and has occurred in the direct repeat region (DR),
apolymorphiclocus in the genomes of the tubercle bacilli that
contains a cluster of direct repeats of 36 bp, separated by
unique spacer sequences of 36 to 41 bp (17), (FIG. 7). The
presence or absence of 43 unique spacer sequences that inter-
calate the DR sequences is the basis of spacer-oligo typing, a
powerful typing method for strains from the M. tuberculosis
complex (23). M. microti isolates exhibit a characteristic spo-
ligotype with an unusually small DR cluster, due to the pres-
ence of only spacers 37 and 38 (43). In M. microti OV254,the
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absence of spacers 1 to 36, which are present in many other M.
tuberculosis complex strains, appears to result from an 16110
mediated deletion of 636 by of the DR region. Amplification
and Pvull restriction analysis of a 2.8 kb fragment obtained
with primers located in the genes that flank the DR region
(Rv2813c and Rv2819) showed that there is only one copy of
1S6110 remaining in this region (FIG. 7). This 16110 element
is inserted into ORF Rv2819 at position 3,119,932 relative to
the M. tuberculosis H37Rv genome. As for other 1S6110
elements that result from homologous recombination
between two copies (7), no 3 base-pair direct repeat was
found for this copy of IS6110 in the DR region. Concerning
the absence of spacers 39-43 (FIG. 7), it was found that M.
microti showed a slightly different organization of this locus
than M. bovis strains, which also characteristically lack spac-
ers 39-43. In M. microti OV254 an extra spacer of 36 bp was
found that was not present in M. bovis nor in M. tuberculosis
H37Rv. The sequence of this specific spacer was identical to
that of spacer 58 reported by van Embden and colleagues
(42). In their study of the DR region in many strains from the
M. tuberculosis complex this spacer was only found in M.
microti strain NLA000016240 (AF189828) and in some
ancestral M. tuberculosis strains (3, 42). Like MiD1, MiD2
most probably results from an IS6110-mediated deletion of
two genes (Rv3188. Rv3189) that encode putative proteins
whose function is unknown (Table 3 above and Table 4
below),

TABLE 4

Presence of the RD and MiD regions in different M. microti strains

HOST
VOLES HUMAN

ATCC  Myc94- B3type Bdtype Bltype B2type
Strain OV 254 OV183 OV216 35782 2272 mouse mouse llama llama
RD1™¢  absent absent absent absent absent absent absent absent absent
RD3 absent absent absent absent absent absent absent absent absent
RD7 absent absent absent absent absent absent absent absent absent
RD8 absent absent absent absent absent absent absent absent absent
RD9 absent absent absent absent absent absent absent absent absent
RD 10 absent absent absent absent absent absent absent absent absent
MiD3 absent ND ND absent absent absent absent absent absent
MiD1 absent ND ND present  partial partial  partial present present
RD5™¢  absent absent absent present present present present present present
MiD2 absent ND ND present  present  present present present present

ND, not determined
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Absence of Some Members of the PPE Family in M.
microti.

MiD3 was identified by the absence of two HindIII sites in
BAC Mi4B9 that exist at positions 3749 kb and 3754 kb in the
M. tuberculosis H37Rv chromosome. By PCR and sequence
analysis, it was determined that MiD3 corresponds to a 12 kb
deletion that has truncated or removed five genes orthologous
to Rv3345¢-Rv3349¢c. Rv3347c encodes a protein of 3157
amino-acids that belongs to the PPE family and Rv3346¢ a
conserved protein that is also present in M. leprae. The func-
tion of both these putative proteins is unknown while Rv3348
and Rv3349 are part of an insertion element (Table 2). At
present, the consequences of the MiD3 deletions for the biol-
ogy of M. microti remains entirely unknown.

Extra-DNA in M. microti OV254 Relative to M. tubercu-
losis H37Rv.

M. microti OV254 possesses the 6 regions RvD1 to RvDS5
and TBD1 that are absent from the sequenced strain M. tuber-
culosis H37Rv, but which have been shown to be present in
other members of the M. tuberculosis complex, like M. canet-
tii, M. africanum, M. bovis,and M. bovis BCG (3,7,13). In M.
tuberculosis H37Rv, four of these regions (RvD2-5) contain a
copy of IS6110 which is not flanked by a direct, repeat,
suggesting that recombination of two IS6110 elements was
involved in the deletion of the intervening genomic regions
(7). In consequence, it seems plausible that these regions were
deleted from the M. tuberculosis H37Rv genome rather than
specifically acquired by M. microti. In addition, three other
small insertions have also been found and they are due to the
presence of an IS6110 element in a different location than in
M. tuberculosis H37Rv and M. bovis AF2122/97. Indeed,
Pvull RFLP analysis of M. microti OV254 reveals 13 1S6110
elements (data not shown).

Genomic Diversity of M. microti Strains.

In order to obtain a more global picture of the genetic
organization of the taxon M. microti we evaluated the pres-
ence or absence of the variable regions found in strain OV254
in eight other M. microti strains. These strains which were
isolated from humans and voles have been designated as M.
microti mainly on the basis of their specific spoligotype (26,
32,43) and can be further divided into subgroups according to
the host such as voles, llama and humans (Table 3). As stated
in, the introduction, M. microti is rarely found in humans
unlike M. tuberculosis. So the availability of 9 strains from
variable sources for genetic characterization is an exceptional
resource. Among them was one strain (Myc 94-2272) from a
severely immuno-compromised individual (43), and four
strains were isolated from HIV-positive or HIV-negative
humans with spoligotypes typical of llama and mouse iso-
lates. For one strain, ATCC 35872/M.P. Prague, we could not
identify with certainty the original host from which the strain
was isolated, nor if this strain corresponds to M. microti
OV166, that was received by Dr. Sula from Dr. Wells and used
thereafter for the vaccination program in Prague in the 1960’s
(38).

First, we were interested if these nine strains designated as
M. microti on the basis of their spoligotypes also resembled
each other by other molecular typing criteria. As RFLP of
pulsed-field gel separated chromosomal DNA represents
probably the most accurate molecular typing strategy for
bacterial isolates, we determined the Asel profiles of the
available M. microti strains, and found that the profiles
resembled each other closely but differed significantly from
the macro-restriction patterns of M. tuberculosis, M. bovis
and M. bovis. BCG strains used as controls. However, as
depicted in FIG. 8A, the patterns were not identical to each
other and each M. microti strain showed subtle differences,
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suggesting that they were not epidemiologically related. A
similar observations was made with other rare cutting restric-
tion enzymes, like Dral or Xbal (data not shown).

Common and Diverging Features of M. microti Strains.

Two strategies were used to test for the presence or absence
of variable regions in these strains for which we do not have
ordered BAC libraries. First, PCRs using internal and flank-
ing primers of the variable regions were employed and ampli-
fication products of the junction regions were sequenced.
Second, probes from the internal portion of variable regions
absent from M. microti OV254 were obtained by amplifica-
tion of M. tuberculosis H37Rv DNA using specific primers.
Hybridization with these radio-labeled probes was carried out
on blots from PFGE separated Asel restriction digests of the
M. microti strains. In addition, we confirmed the findings
obtained by these two techniques by using a focused macro-
array, containing some of the genes identified in variable
regions of the tubercle bacilli to date (data not shown).

This Led to the Finding that the RD17 Deletion is Specific
for all M. Microti Strains Tested.

Indeed, none of the M. microti DNA-digests hybridized
with the radio-labeled esat-6 probe (FIG. 8B) but with the
RD17 flanking region (FIG. 8C). In addition, PCR amplifi-
cation using primers flanking the RD17 region (Table 2)
yielded fragments of the same size for M. microti strains
whereas no products were obtained for M. tuberculosis, M.
bovis and M. bovis BCG strains (FIG. 9). Furthermore, the
sequence of the junction region was found identical among
the strains which confirms that the genomic organization of
the RD17 locus was the same in all tested M. microti strains
(Table 3). This clearly demonstrates that M. microti lacks the
conserved ESAT-6 family core region stretching in other
members of the M. tuberculosis complex from Rv3864 to
Rv3876 and, as such, represents a taxon of naturally occur-
ring ESAT-6/CFP-10 deletion mutants.

Like RD17¢, MiD3 was found to be absent from all nine
M. microti strains tested and, therefore, appears to be a spe-
cific genetic marker that is restricted to M. microti strains
(Table 3). However, PCR amplification showed that RD5"“ s
absent only from the vole isolates OV254, OV216 and
OV183, but present in the M. microti strains isolated from
human and other origins (Table 3). This was confirmed by the
presence of single bands but of differing sizes on a Southern
blot hybridized with a plcA probe for all M. microti tested
strains except OV254 (FIG. 5D). Interestingly, the presence
or absence of RD5™ correlated with the similarity of 1S6110
RFLP profiles. The profiles of the three M. microti strains
isolated from voles in the UK differed considerably from the
1S6110 RFLP patterns of humans isolates (43). Taken
together; these results underline the proposed involvement of
1S6110 mediated deletion of the RDS5 region and further
suggest that RD5 may be involved in the variable potential of
M. microti strains to cause disease in humans. Similarly, it
was found that MID1 was missing only from the vole isolates
0OV254, OV216 and OV183, which display the same spoli-
gotype (43), confirming the observations that MiD1 confers
the particular spoligotype of a group of M. microti strains
isolated from voles. In contrast, PCR analysis revealed that
MiD1 is only partially deleted from strains B3 and B4 both
characterized by the mouse spoligotype and the human iso-
late M. microti Myc 94-2272 (Table 3). For strain ATCC
35782 deletion of the MiD1 region was not observed. These
findings correlate with the described spoligotypes of the dif-
ferent isolates, as strains that had intact or partially deleted
MiD1 regions had more spacers present than the vole isolates
that only showed spacers 37 and 38.
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2.3 Comments and Discussion

We have searched for major genomic variations, due to
insertion-deletion events, between the vole pathogen, M.
microti, and the human pathogen, M. tuberculosis. BAC
based comparative genomics led to the identification of 10
regions absent from the genome of the vole bacillus M.
microti OV254 and several insertions due to IS6110. Seven of
these deletion regions were also absent from eight other M.
microti strains, isolated from voles or humans, and they
account for more than 60 kb of genomic DNA.

Of these regions, RD17 is of particular interest, because
absence of part of this region has been found to be restricted
to the BCG vaccine strains to date. As M. microti was origi-
nally described as non pathogenic for humans, it is proposed
here that RD1 genes are involved in the pathogenicity for
humans. This is reinforced by the fact that RD1%°% (29) has
lost putative ORFs belonging to the esat-6 gene cluster
including the genes encoding ESAT-6 and CFP-10 (FIG. 6)
(40). Both polypeptides have been shown to act as potent
stimulators of the immune system and are antigens recog-
nized during the early stages of infection (8, 12, 20, 34).
Moreover, the biological importance of this RD1 region for
mycobacteria is underlined by the fact that it is also conserved
in M. leprae, where genes ML.0047-ML0056 show high simi-
larities in their sequence and operon organization to the genes
in the esat-6 core region of the tubercle bacilli (11). In spite of
the radical gene decay observed in M. leprae the esat-6
operon apparently has kept its functionality in this organism.

However, the RD1 deletion may not be the only reason why
the vole bacillus is attenuated for humans. Indeed, it remains
unclear why certain M. microti strains included in the present
study that show exactly the same RD17 deletion as vole
isolates, have been found as causative agents of human tuber-
culosis. As human M. microti cases are extremely rare, the
most plausible explanation for this phenomenon would be
that the infected people were particularly susceptible for
mycobacterial infections in general. This could have been due
to an immunodeficiency (32, 43) or to a rare genetic host
predisposition such as interferon gamma- or IL.-12 receptor
modification (22).

In addition; the finding that human M. microti isolates
differed from vole isolates by the presence of region RD5™*
may also have an impact on the increased potential of human
M. microti isolates to cause disease. Intriguingly, BCG and
the vole bacillus lack overlapping portions of this chromo-
somal region that encompasses three (plcA, plcB, plcC) of the
four genes encoding phospholipase C (PLC) in M. tubercu-
losis. PLC has been recognized as an important virulence
factor in numerous bacteria, including Clostridium perfrin-
gens, Listeria monocytogenes and Pseudomonas aeruginosa,
where it plays a role in cell to cell spread of bacteria, intrac-
ellular survival, and cytolysis (36, 41). To date, the exact role
of PL.C for the tubercle bacilli remains unclear. plcA encodes
the antigen mtp40 which has previously been shown to be
absent from seven tested vole and hyrax isolates (28). Phos-
pholipase C activity in M. tuberculosis, M. microti and M.
bovis, but not in M. bovis BCG, has been reported (21, 47).
However; PLC and sphingomyelinase activities have been
found associated with the most virulent mycobacterial spe-
cies (21). The levels of phospholipase C activity detected in
M. bovis were much lower than those seen in M. tuberculosis
consistent with the loss of plcABC. It is likely, that pleD is
responsible for the residual phospholipase C activity in
strains lacking RDS, such as M. bovis and M. microti OV254.
Indeed, the plcD gene is located in region RvD2 which is
present in some but not all tubercle bacilli (13, 18). Phospho-
lipase encoding genes have been recognized as hotspots for
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integration of IS6110 and it appears that the regions RDS and
RvD2 undergo independent deletion processes more fre-
quently than any other genomic regions (44). Thus, the viru-
lence of some M. microti strains may be due to a combination
of functional phospholipase C encoding genes (7, 25, 26, 29).

Another intriguing detail revealed by this study is that
among the deleted genes seven code for members of the PPE
family of Gly-, Ala-, Asn-rich proteins. A closer look at the
sequences of these genes showed that in some cases they were
small proteins with unique sequences, like for example
Rv3873, located in the RD1™ region, or Rv2352¢ and
Rv2353c¢ located in the RD5" region. Others, like Rv3347c,
located in the MiD3 region code for a much larger PPE
protein (3157 aa). In this case a neighboring gene (Rv3345c),
belonging to another multigene family, the PE-PGRS family,
was partly affected by the MID3 deletion. While the function
of'the PE/PPE proteins is currently unknown, their predicted
abundance in the proteome of M. tuberculosis suggests that
they may play an important role in the life cycle of the
tubercle bacilli. Indeed, recently some of them were shown to
be involved in the pathogenicity of M. tuberculosis strains (9).
Complementation of such genomic regions in M. microti
OV254 should enable us to carry out proteomics and viru-
lence studies in animals in order to understand the role of such
ORF's in pathogenesis.

In conclusion, this study has shown that M. microti, ataxon

originally named after its major host Microtus agrestis, the
common vole, represents a relatively homogenous group of
tubercle bacilli. Although all tested strains showed unique
PFGE macro-restriction patterns that differed slightly among
each other, deletions that were common to all M. microti
isolates (RD7-RD10, MiD3, RD17“) have been identified.
The conserved nature of these deletions suggests that these
strains are derived from a common precursor that has lost
these regions, and their loss may account for some of the
observed common phenotypic properties of M. microti, like
the very slow growth on solid media and the formation of tiny
colonies. This finding is consistent with results from a recent
study that showed that M. microti strains carry a particular
mutation in the gyrB gene (31).
Of Particular Interest, Some of these Common Features (e.g.
The Flanking Regions of RD1**< or MiD3) could be
Exploited for an Easy-to-Perform PCR Identification Test,
Similar to the One Proposed for a Range of Tubercle Bacilli
(33).

This test enables unambiguous and rapid identification of
M. microti isolates in order to obtain a better estimate of the
overall rate of M. microti infections in humans and other
mammalian species.

EXAMPLE 3

Recombinant BCG Exporting ESAT-6 Confers
Enhanced Protection Against Tuberculosis

3.1 Complementation of the RD1 Locus of BCG Pasteur and
M. microti

To construct a recombinant vaccine that secretes both
ESAT-6 and CFP-10, we complemented BCG Pasteur for the
RD1 region using genomic fragments spanning variable sec-
tions of the esxBA (or ESAT-6) locus from M. tuberculosis
(FIG. 10). The RD1 deletion in BCG interrupts or removes
nine CDS and affects all four transcriptional units: three are
removed entirely while the fourth (Rv3867-Rv3871) is
largely intact apart from the loss of 112 codons from the
3'-end of Rv3871 (FIG. 10). Transcriptome analysis of BCG,
performed using cDNA probes obtained from early log phase
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cultures with oligonucleotide-based microarrays, was able to
detect signals at least two fold greater than background for the
probes corresponding to Rv3867 to 3871 inclusive, but not for
the RD1-deleted genes Rv3872 to Rv3879. This suggests that
the Rv3867-3871 transcriptional unit is still active in BCG
which, like M. bovis, also has frameshifts in the neighbouring
gene, Rv3881 (FIG. 10). The RD1™ deletion of M. microti
removes three transcriptional units completely with only
gene Rv3877 remaining from the fourth. The M. tuberculosis
clinical isolate MT56 has lost genes Rv3878-Rv3879
(Brosch, R., et al. A new evolutionary scenario for the Myco-
bacterium tuberculosis complex. Proc Natl Acad Sci USA 99,
3684-9. (2002)) but still secretes ESAT-6 and CFP-10 (FIG.
10).

To test the hypothesis that a dedicated export machinery
exists and to establish which genes were essential for creating
an ESAT-6-CFP-10 secreting vaccine we assembled a series
of integrating vectors carrying fragments spanning different
portions of the RD1 esx gene cluster (FIG. 10). These inte-
grating vectors stably insert into the attB site of the genome of
tubercle bacilli. pAP34 was designed to carry only the anti-
genic core region encoding ESAT-6 and CFP-10, and the
upstream PE and PPE genes, whereas RD1-1106 and RD1-
pAP35 were selected to include the core region and either the
downstream or upstream portion of the gene cluster, respec-
tively. The fourth construct RD1-2F9 contains a ~32 kb seg-
ment from M. tuberculosis that stretches from Rv3861 to
Rv3885 covering the entire RD1 gene cluster. We adopted
this strategy of complementation with large genomic frag-
ments to avoid polar effects that might be expected if a puta-
tive protein complex is only partially complemented in trans.
In addition, a set of smaller expression constructs (pAP47,
pAP48) was established in which individual genes are tran-
scribed from a heat shock promoter (FIG. 10). Using appro-
priate antibodies all of these constructs were found to produce
the corresponding proteins after transformation of BCG or M.
microti (see below).

3.2 Several Genes of the esx Cluster are Required for Export
of ESAT-6 and CFP-10

The four BCG::RD1 recombinants (BCG::RD1-pAP34,
BCG::RD1-pAP35, BCG::RD1-2F9 and 13CG::RD1-1106)
(FIG. 11) were initially tested to ensure that ESAT-6 and
CFP-10 were being appropriately expressed from the respec-
tive integrated constructs. Immunoblotting of whole cell pro-
tein extracts from mid-log phase cultures of the various
BCG::RD1 recombinants using an ESAT-6 monoclonal anti-
body or polyclonal sera for CFP-10 and the PPE68 protein
Rv3373 demonstrated that all three proteins were expressed
from the four constructs at levels comparable to those of M.
tuberculosis (F1G. 11). However, striking differences were
seen when the supernatants from early log-phase cultures of
each recombinant were screened by Western blot for the two
antigens. Although low levels of ESAT-6 and CFP-10 could
be detected in the concentrated supernatant protein fractions
of BCG::RD1-pAP34, BCG::RD1-pAP35 and BCG::RD1-
1106 it was only with the integrated construct encompassing
the entire esx gene cluster (BCG::RD1-2F9) that the two
antigens accumulated in significant amounts. The high con-
centrations of ESAT-6 and CFP-10 seen in the supernatant of
the recombinant BCG::RD1-2F9 were not due to a non-spe-
cific increase in permeability, or loss of cell wall material,
because when the same whole cell and supernatant protein
fractions were immunoblotted with serum raised against
Rv3873, this protein was only localized in the cell wall of the
various recombinants. As expected, when constructs were
used containing esxA or esxBA alone, ESAT-6 did not accu-
mulate in the culture supernatant (data not shown).
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To assess the effect of the RD17"“ deletion of M. microti on
the export of ESAT-6 and CFP-10 and subsequent antigen
handling, the experiments were replicated in this genomic
background. As with BCG, ESAT-6 and CFP-10 were only
exported into the supernatant fraction in significant amounts
if expressed in conjunction with the entire esx cluster (FIG.
11). The combined findings demonstrate that complementa-
tion with esxA or esxB alone is insufficient to produce a
recombinant vaccine that secretes these two antigens. Rather,
secretion requires expression of genes located both upstream
and downstream of the antigenic core region confirming our
hypothesis that the conserved esx gene cluster does indeed
encode functions essential for the export of ESAT-6 and CFP-
10.

3.3 Secretion of ESAT-6 is Needed to Induce Antigen Specific
T-Cell Responses

Since the classical observation that inoculation with live,
but not dead BCG, confers protection against tuberculosis in
animal models it has been considered that secretion of anti-
gens is critical for maximizing protective T-cell immunity.
Using our panel of recombinant vaccines we were able to test
if antigen secretion was indeed essential for eliciting ESAT-6
specific T-cell responses. Groups of C57/BL6 mice were
inoculated subcutaneously with one of six recombinant vac-
cines (BCG-pAP47, BCG-pAP48, BCG:RDI1-pAP34,
BCG::RDI1-pAP35, BCG::RD1-1106, BCG::RD1-2F9) or
with BCG transformed with the empty vector pYUB412.
Three weeks following vaccination, T-cell immune responses
to the seven vaccines were assessed by comparing antigen-
specific splenocyte proliferation and gamma interferon
(IFN-y production (FIG. 12A). As anticipated all of the vac-
cines generated splenocyte proliferation and IFN-y produc-
tion in response to PPD (partially purified protein derivative)
but not against an unrelated MalE control peptide indicating
successful vaccination in each case. However, only spleno-
cytes from the mice inoculated with BCG::RD1-2F9 prolit-
erated markedly in response to the immunodominant ESAT-6
peptide (FIG. 12A). Furthermore, IFN-y was only detected in
culture supernatants of splenocytes from mice immunized
with BCG::RD1-2F9 following incubation with the ESAT-6
peptide (FIG. 12B) or recombinant CFP-10 protein (data not
shown). These data demonstrate that export of the antigens is
essential for stimulating specific Thl-oriented T-cells.

Further characterization of the immune responses was car-
ried out. Splenocytes from mice immunized with BCG::RD1-
2F9 or control BCG both proliferated in response to the
immunodominant antigen 85A peptide (FIG. 13A). The
strong splenocyte proliferation in the presence of ESAT-6 was
abolished by an anti-CD4 monoclonal antibody but not by
anti-CD8 indicating that the CD4" T-cell subset was involved
(FIG. 13B). Interestingly, as judged by in vitro IFN-y
response to PPD and the ESAT peptide, subcutaneous immu-
nization generated much stronger T-cell responses (FIG.
13C) compared to intravenous injection. After subcutaneous
immunisation with BCG::RD1-2F9 strong ESAT-6 specific
responses were also detected in inguinal lymph nodes (data
not shown). These experiments demonstrated that the ESAT-6
T-cell immune responses to vaccination with BCG::RD1-2F9
were potent, reproducible and robust making this recombi-
nant an excellent candidate for protection studies.

3.4 Protective Efficacy of BCG::RD1-2F9 in Immuno-Com-
petent Mice

When used alone as a subunit or DNA vaccine, ESAT-6
induces levels of protection weaker than but akin to those of
BCG (Brandt, L., Elbay, M., Rosenkrands, L., Lindblad, E. B.
& Andersen, P. ESAT-6 subunit vaccination against Myco-
bacterium tuberculosis. Infect. Immun. 68, 791-795 (2000)).
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Thus, it was of interest to determine if the presentation to the
immune system of ESAT-6 and/or CFP-10 in the context of
recombinant BCG, mimicking the presentation of the anti-
gens during natural infection, could increase the protective
efficiency of BCG. The BCG::RD1-2F9 recombinant was
therefore selected for testing as a vaccine, since it was the
only ESAT-6 exporting BCG that elicited vigorous antigen
specific T-cell immune responses. Groups of C57BL/6 mice
were inoculated intravenously with either BCG::RD1-2F9 or
BCG::pYUB412 and challenged intravenously after eight
weeks with M. tuberculosis H31Rv. Growth of M. tuberculo-
sis H37Rv in spleens and Bungs of each vaccinated cohort
was compared with that of unvaccinated controls two months
after infection (FIG. 14A). This demonstrated that, compared
to vaccination with BCG, the BCG::RD1-2F9 vaccine inhib-
ited growth of M. tuberculosis H37Rv in the spleens by 0.4
log 10 CFU and was of comparable efficacy at protecting the
lungs.

To investigate this enhanced protective effect against tuber-
culosis further we repeated the challenge experiment using
the aerosol route. In this experiment antibiotic treatment was
employed to clear persisting BCG from mouse organs priorto
infection with M. tuberculosis. Two months following vacci-
nation C57BL/6 Mice were treated with daily rifampicin/
izoniazid for three weeks and then infected with 1000 CFU of
M. tuberculosis H37Rv by the respiratory route. Mice were
then sacrificed after 17, 35 and 63 days and bacterial enu-
meration carried out on the lungs and spleen. This demon-
strated that, even following respiratory infection, vaccination
with BCG::RD1-2F9 was superior to vaccination with the
control strain of BCG (FIG. 14B). However; growth of M.
tuberculosis was again only inhibited strongly in the mouse
spleens.

EXAMPLE 4

Protective Efficacy of BCG::RD1-2F9 in Guinea
Pigs

4.1 Animal Models

M. tuberculosis H37Rv and the different recombinant vac-
cines were prepared in the same Manner as for the immuno-
logical assays. For the guinea pig assays, groups of outbred
female Dunkin-Hartley guinea pigs (David Hall, UK) were
inoculated with 5x10* CFUs by the subcutaneous route.
Aerosol challenge was performed 8 weeks after vaccination
using a contained Henderson apparatus and an H37Rv
(NCTC 7416) suspension in order to obtain an estimated
retained inhaled dose of approximately 1000 CFU/lung (Wil-
liams, A., Davies, A., Marsh, P. D., Chambers, M. A. &
Hewinson, R. G. Comparison of the protective efficacy of
bacille calmette-Guerin vaccination against aerosol chal-
lenge with Mycobacterium tuberculosis and Mycobacterium
bovis. Clin Infect Dis 30 Suppl 3, S299-301. (2000)). Organs
were homogenized and dilutions plated out on 7H11 agar, as
for the mice experiments. Guinea pig experiments were car-
ried out in the framework of the European Union TB vaccine
development program.
4.2 Results

Although experiments in mice convincingly demonstrated
a superior protective efficacy of BCG::RD1 over BCG it was
important to establish a similar effect in the guinea pig model
of'tuberculosis. Guinea pigs are exquisitely sensitive to tuber-
culosis, succumbing rapidly to low dose infection with M.
tuberculosis, and develop a necrotic granulomatous pathol-
ogy closer to that of human tuberculosis. Immunization of
guinea pigs with BCG:RD1-2F9 was therefore compared to
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conventional BCG vaccination. Groups of six guinea pigs
were inoculated subcutaneously with saline, BCG or BCG::
RD1-2F9. Eight weeks following inoculation the three guinea
pig cohorts were challenged with M. fuberculosis H37Rv via
the aerosol route. Individual animals were weighed weekly
and were killed 17 weeks after challenge or earlier if they
developed signs of severe tuberculosis. Whereas all unvacci-
nated guinea pigs failed to thrive and were euthanised before
the last time-point because of overwhelming disease, both the
BCG- and recombinant BCG::RD1-2F9-vaccinated animals
progressively gained weight and were clinically well when
killed on termination of the experiment (FIG. 15A). This
indicated that although the BCG::RD1-2F9 recombinant is
more virulent in severely immunodeficient mice (Pym, A. S.,
Brodin, P., Brosch, R., Huerre, M. & Cole, S.T. Loss of RD1
contributed to the attenuation of the live tuberculosis vaccines
Mycobacterium bovis BCG and Mycobacterium microti.
Mol. Microbiol. 46, 709-717 (2002)). There is no increased
pathogenesis in the highly susceptible guinea pig model of
tuberculosis. Moreover, when the bacterial loads in the
spleens of the vaccinated animals were compared there was a
greater than ten-fold reduction in the number of CFU recov-
ered from the animals immunized with BCG::RD1-2F9 when
compared to BCG (FIG. 15B). Interestingly, there was no
significant difference between the number of CFU obtained
from the lungs of the two vaccinated groups indicating that
the organ-specific enhanced protection observed in mice vac-
cinated with BCG::RD1-2F9 was also seen with guinea pigs.
This marked reduction of bacterial loads in the spleens of
BCG::RD1-2F9 immunized animals was also reflected in the
gross pathology. Visual examination of the spleens showed
that tubercules were much larger and more numerous on the
surface of the BCG-vaccinated guinea pigs (FIG. 15C). These
results demonstrate that the recombinant vaccine BCG::RD1-
2F9 conveys enhanced protection to an aerosol challenge
with M. tuberculosis in two distinct animal models.

GENERAL CONCLUSION

Tuberculosis is still one of the leading infectious causes of
death in the world despite a decade of improving delivery of
treatment and control strategies (Dye, C., Scheele, S., Dolin,
P., Pathania, V. & Raviglione, M. C. Consensus statement.
Global burden of tuberculosis: estimated incidence, preva-
lence, and mortality by country. WHO Global Surveillance
and Monitoring Project. Jama 282, 677-86, (1999)). Reasons
for the recalcitrance of this pandemic are multi-factorial but
include the modest efficacy of the widely used vaccine, BCG.
Two broad approaches can be distinguished for the develop-
ment of improved tuberculosis vaccines (Baldwin, S. L., et al.
Evaluation of new vaccines in the mouse and guinea pig
model of tuberculosis. Infection & Immunity 66, 2951-9
(1998), Kaufmann, S. H., How can immunology contribute to
the control of tuberculosis, Nature Rev Immunol 1, 20-30.
(2001) and Young, D. B. & Fruth, U. in New Generation
Vaccines (eds. Levine, M., Woodrow, G., Kaper, J. & Cobon
G S) 631-645 (Marcel Dekker, 1997)). These are the devel-
opment of subunit vaccines based on purified protein antigens
ornew live vaccines that stimulate a broader range of immune
responses. Although a growing list of individual or combina-
tion subunit vaccines, and hybrid proteins, have been tested
none has yet proved superior to BCG in animal models (Bald-
win, S. L., et al., 1998). Similarly, new attenuated vaccines
derived from virulent M. tuberculosis have yet to out-perform
BCG (Jackson, M., et al. Persistence and protective efficacy
of a Mycobacterium tuberculosis auxotroph vaccine. Infect.
Immun. 67, 2867-73. (1999) and Hondalus, M. K., et al.,
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Attenuation of and protection induced by a leucine auxotroph
of Mycobacterium tuberculosis. Infect. Inmun. 68, 2888-98.
(2000)). Interestingly, the only vaccine that appears to surpass
BCG is a BCG recombinant over expressing antigen 85A
(Horwitz, M. A, Harth, G., Dillon, B. J. & Maslesa-Galic, S.,
Recombinant bacillus calmette-guerin (BCG) vaccines
expressing the Mycobacterium tuberculosis 30-kDa major
secretory protein induce greater protective immunity against
tuberculosis than conventional BCG vaccines in a highly
susceptible animal model. Proc Nat! Aced Sci USA 97,
13853-8. (2000)). The basis for this vaccine was the notion
that over-expression of an immunodominant T-cell antigen
could quantitatively enhance the BCG-elicited immune
response.

In frame with the invention, we were able to show that
restoration of the RD1 locus did indeed improve the protec-
tive efficacy of BCG and defines a genetic modification that
should be included in new recombinant BCG vaccines. More-
over, we were able to demonstrate two further findings that
will be crucial for the development of a live vaccine against
tuberculosis. First, we have identified the genetic basis of
secretion for the ESAT-6 family of immunodominant T-cell
antigens, and second, we show that export of these antigens
from the cytosol is essential for maximizing their antigenic-
ity.

The extra-cellular proteins of M. tuberculosis have been
extensively studied and shown to be a rich source of protec-
tive antigens (Sorensen, A. L., Nagai, S., Houen, G., Ander-
sen, P. & Andersen, A. B., Purification and characterization of
a low-molecular-mass T-cell antigen secreted by Mycobacte-
rium tuberculosis. Infect. Immun. 63, 1710-7 (1995), Skj&t,
R. L.V, et al., Comparative evaluation of low-molecular-
mass proteins from Mycobacterium tuberculosis identifies
members of the ESAT-6 family as immunodominant T-cell
antigens. Infect. Immun. 68, 214-220 (2000), Horwitz, M. A.,
Lee, B. W, Dillon, B. J. & Harth, G., Protective immunity
against tuberculosis induced by vaccination with major extra-
cellular proteins of Mycobacterium tuberculosis. Proc Natl
Acad Sci USA 92, 1530-4 (1995) and Boesen, H., Jensen, B.
N., Wilcke, T. & Andersen, P. Human T-cell responses to
secreted antigen fractions of Mycobacterium tuberculosis.
Infect. Immun. 63, 1491-7 (1995)). Despite this it remains a
mystery how some of these proteins, that lack conventional
secretion signals, are exported from the cytosol, a unique
problem in M. tuberculosis given the impermeability and
waxy nature of the mycobacterial cell envelope. Although
two secA orthologues were identified in the genome sequence
of M. tuberculosis (Cole, S.T., et al., Deciphering the biology
of Mycobacterium tuberculosis from the complete genome
sequence. Nature 393, 537-544 (1998)), no genes for obvious
type I, II, or III protein secretion systems were detected, like
those that mediate the virulence of many Gram-negative bac-
terial pathogens (Finlay, B. B. & Falkow, S., Common themes
in microbial pathogenicity revisited. Microbiol. Mol. Biol.
Rev. 61,136-169 (1997)). This suggested that novel secretion
systems might exist. An in silico analysis of the M. tubercu-
losis proteome identified a set of proteins and genes whose
inferred functions, genomic organization and strict associa-
tion with the esx gene family suggested that they could con-
stitute such a system (Tekaia, F., et al., Analysis of the pro-
teome of Mycobacterium tuberculosis in silico. Tubercle
Lung Disease 79, 329-342 (1999)). Our results provide the
first empirical evidence that this gene cluster is essential for
the normal export of ESAT-6 and CFP-10.

The antigen genes, esxBA, lie at the center of the conserved
gene cluster. Bioinformatics and comparative genomics pre-
dicted that both the conserved upstream genes Rv3868-
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Rv3871, as well as the downstream genes Rv3876-Rv3877,
would be required for secretion (FIG. 1) and strong experi-
mental support for this prediction is provided here. Our
experiments show that only when BCG or M. microti are
complemented with the entire cluster is maximal export of
ESAT-6 and CFP-10 obtained. This suggests that at least
Rv3871 and either Rv3876 or Rv3877 are indeed essential for
the normal secretion of ESAT-6 as these are the only con-
served genes absent or disrupted in BCG which are not
complemented by RD1-1106 or RD1-pAP35. These genes
encode a large transmembrane protein with ATPase activity,
an ATP-dependent chaperone and an integral membrane pro-
tein, functional predictions compatible with them being part
of' a multi-protein complex involved in the translocation of
polypeptides. Amongst the proteins encoded by the esx clus-
ter Rv3871 and Rv3877 are highly conserved, as orthologues
have been identified in the more streamlined clusters found in
other actinomycetes, further supporting their direct role in
secretion (Gey Van Pittius, N. C., et al. The ESAT-6 gene
cluster of Mycobacterium tuberculosis and other high G+C
Gram-positive bacteria. Genome Biol 2, 44.1-44.18 (2001)).
It has been shown recently that ESAT-6 and CFP-10 form a
heterodimer in vitro (Renshaw, P. S. at al. Conclusive evi-
dence that the major T-cell antigens of the M. tuberculosis
complex ESAT-6 and CFP-10 form a tight, 1:1 complex and
characterisation of the structural properties of ESAT-6, CFP-
10 and the ESAT-6-CFP-10 complex: implications for patho-
genesis and virulence. J Biol Chem 8,8 (2002)) but it is not
known whether dimerization precedes translocation across
the cell membrane or occurs at a later stage in vivo. In either
case, chaperone or protein clamp activity is likely to be
required to assist dimer formation or to prevent premature
complexes arising as is well documented for type III secretion
systems (Page, A. L. & Parsot, C. Chaperones of the type 111
secretion pathway: jacks of all trades. Mol Microbiol 46,
1-11. (2002)). These, and other questions concerning the
precise roles of the individual components of the ESAT-6
secretory apparatus, can now be addressed experimentally
using the tools developed here.

The second major finding of the invention is that the secre-
tion of ESAT-6 (and probably CFP-10) is critical for inducing
maximal T-cell responses although other RD1-encoded pro-
teins may also contribute such as the PPE68 protein (Rv3873)
which is located in the cell envelope. We show that even
though whole cell expression levels of ESAT-6 are compa-
rable amongst our vaccines (FIG. 2), only the vaccine strain
exporting ESAT-6, via an intact secretory apparatus, elicits
powerful T-cell responses. Surprisingly, even the recombi-
nants RD1-pAP47 and RDI1-pAP48, that overexpress
ESAT-6 intracellularly, did not generate detectable ESAT-6
specific T-cell responses. Although antigen secretion has long
been recognized as, important for inducing immunity against
M. tuberculosis, and is often used to explain why killed BCG
offers no protection, this is one of the first formal demonstra-
tions of its importance. BCG, like M. tuberculosis resides in
the phagosome, where secreted antigens have ready access to
the MHC class II antigen processing pathway, essential for
inducing IFN-y producing CD4 T-cells considered critical for
protection against tuberculosis. Further understanding of the
mechanism of ESAT-6 secretion could allow the development
of BCG recombinants that deliver other antigens in the same
way:

The main aim of the present invention was to qualitatively
enhance the antigenicity of BCG. So, having assembled a
recombinant vaccine that secreted the T-cell antigens ESAT-6
and CFP-10, and shown that it elicited powerful CD4 T-cell
immunity against at least ESAT-6 and CFP-10, the next step
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was to rigorously test its efficacy in animal models of tuber-
culosis. In three distinct models, including two involving
respiratory challenge, we were able to demonstrate that the
ESAT-6-CFP-10 secreting recombinant improved protection
when compared to a BCG control, although this effect was
restricted to the spleen. This is probably due to the fact that the
enhanced immunity induced by the two additional antigens is
insufficient to abort the primary infection but does signifi-
cantly reduce the dissemination of bacteria from the lung. The
lack of protection afforded to the lung, the portal of entry for
M. tuberculosis, does not prevent BCG::RD1-2F9 from being
a promising vaccine candidate. Primary tuberculosis occurs
in the middle and lower lobes and is rarely symptomatic
(Garay, S. M. in Tuberculosis (eds. Rom, W. N. & Garay, S.
M.) 373-413 (Little, Brown and Company, Boston, 1996)).
The bacteria need to reach the upper lobes, the commonest
site of disease, by haematogenous spread. Therefore, a vac-
cine that inhibits dissemination of M. tuberculosis from the
primary site of infection would probably have major impact
on the outcome of tuberculosis.

Recombinant BCG vaccines have definite advantages over
other vaccination strategies in that they are inexpensive, easy
to produce and convenient to store. However, despite an unri-
valled and enviable safety record concerns remain and BCG s
currently not administered to individuals with HIV infection.
As shown above, the recombinant BCG::RD1-2F9 grows
more rapidly in Severe Combined Immunodeficient (SCID)
mice, an extreme model of immunodeficiency, than its paren-
tal BCG strain. However, in both immunocompetent mice and
guinea pigs we have not observed any increased pathology
only a slight increase in persistence which may be beneficial,
since the declining efficacy of BCG with serial passage has
been attributed to an inadvertent increase in its attenuation
(Behr, M A. & Small, P. M., Has BCG attenuated to impo-
tence Nature 389, 133-4. (1997)).

Ultimately, the robust enhancement in protection we have
observed with the reincorporation of the RD1 locus is a com-
pelling reason to include this genetic modification in any
recombinant BCG vaccine, even if this may require the need
for a balancing attenuating mutation.

In summary, the data presented here show that, in addition
to its increased persistence, BCG::RD1-2F9 induces specific
T-cell memory and enhances immune responses to other
endogenous Thl antigens such as the mycoloyl transferase,
antigen 85A.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 75

<210> SEQ ID NO 1
<211> LENGTH: 31808

<212> TYPE:

DNA

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:

<223> OTHER INFORMATION:

Insert of cosmid RD1-2F9 corresponding to

sequence in the genome of micybacterium tuberculosis H37Rv

<400> SEQUENCE: 1

gatccgacca

tegetgeccee

gegectgect

ggccecegeca

acceggegag

gggecggteg

gcatggcaac

ggCgthgtC

cgccgacace

ctgggagctg

ccgaaattee

getegatecy

ggtgatcgac

ggatgctety

catcgaatgg

caacgattcg

cgaccacggyg

catcgatatg

gacggtgacg

acctggetygyg

tcaatctegy

cgcgagaaat

ttcegecagac

cacceggtygyg

cgcgaatgec

acccgeggac

ggtcttggee

gagcgggacc

ggttgtagce

ctectgectge

accgecgagt

gtatccgace

tgtgaagtga

caccagceceg

gegecacege

tcagctecac

ccgageacct

cgtggttgge

ggcatgcage

cacaaggtcg

ggatcgatce

gectteggea

accaccgaca

gcgggactgt

gccatctace

tgcggttect

atcgtggtgt

ctgteggatt

gacggacacyg

cagectgtygyg

agccacgaaa

gegtactteg

ctgacceggt

cgcccategt

cttgtegatg

cecctegaace

tcgegeaceyg

cgegecaegge

tcgacggegt

tegtegtegy

tcatacaggg

tctgecgega

ctageggtge

accagggcat

ccttegggea

actgtagegyg

gecacceegeyg

ctggceggea

tgcgtecatt

gggecgacce

gacgcatggt

gccaggaggc

CCgthtggg

ttgccgaact

ggctgagcag

cgaatctgeg

acgtcctgge

gcgaagecge

ccatggagge

cctegecety

atggcctgac

ccgacaageg

tcgaggtgec

tggccececgac

cgtegegace

cggcaacage

cgaatcctygg

ttctegeget

agcggtecag

ggtaaccgtt

ctgatteggyg

cgcegtgeaca

gagtcgtegt

cggttactgt

aagcgtatceg

tgcggetecyg

agatcctgtt

gatcttccag

cagtteggtt

gggatactcyg
cgectgetgee
geeggacecyg
cgecectggeyg
geggetggte
ccaattcgaa
caaaggaggt
gegecageag
ccgaatcgat
gtcettcace
aggccagecg
cctaaggttyg
ggcggtcace
ggcggatggt
aggtttgttg
caccaagtca
cttegatece
gacgcggetg
cgcecgacgea
aggatcgecc
cgggcgcaac
gtccacatce
geggeggttg
gegeteggee
aattacgacc
cagccaccgyg
ccaacgateg
catgtctacg
cattaaccat
gtteggegag
aatcagctgt
gaaaagtgtt

tggctaggaa

cceegtecge

gctacgccac

gettggecac

ccgatacgea

acctttggee

gcaacgatac

gtgggaaaga

gaccgtatcg

cctegageag

gatatcaccg

gecatceggte

gatcaccatt

caggaagtat

gecteegetyg

cgacgcagca

ttgctggece

catttgcgge

aaaatcctge

cacggcagec

gagcgeagge

gcggegegea

agggcatcte

cgtcatgeceyg

agggatcgca

cctgeccaca

cgcgggcaag

ggatcttgeg

ttcctecaga

agcgatgcaa

ctcegagete

gtatctggee

ctgacatgeg

actatttcca

cgtecceggaga
cagggecgece
gecagecgga
gteggacgeg
ttgtcggect
gaaccgtect
cgteggttge
tcgggatega
ctggttegtt
cgcgectggg
cgegeegggt
tcgcaatcete
tgcgcgatgt
ccgecaacac
tegtggtget
aggaattcat
cecgggggggt
aggtcgeege
cgececceggty
ctgcaaaacyg
atgtggacag
accgccactyg
attgggcaga
getggeccaa
geeccttecge
cceggcacag
tgcaaacgce
aagcgttgea
cagtttecte
tagtgcgege
tegecggege
acagttcagg

tagcgggccg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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tcgegteget agatccaaaa tgtagcgaag tcatagcagt agaagggtgce aacggttagg 2040
atggcgggeg agcggaaagt ctgcccacceg teccggctag tacccgcgaa taagggatca 2100
acgcagatgt ctaaagcagg gtcgactgte ggaccggege cgetggtege gtgcagegge 2160
ggcacatcag acgtgattga gccccgtege ggtgtegcga tcattggeca ctegtgecga 2220
gtcggcacce agatcgacga ttctcgaatce tcectcagacac atctgcgagce ggtatccgat 2280
gatggacggt ggcggatcgt cggcaacatc ccgagaggta tgttcecgtcgg cggacgacgce 2340
ggcagctegg tgaccgtcag cgataagacc ctaatccgat tceggcgatcce ccectggaggce 2400
aaggcgttga cgttcgaagt cgtcaggccg tcggattecg ctgcacagca cggccgcgta 2460
caaccatcag cggacctgtc ggacgaccceg gegcacaacyg ctgegcecggt cgcaccggac 2520
ceceggegtgg ttegegecagg ggcggecgeg getgegegee gtegtgaact tgacatcage 2580
caacgcagcet tggeggcecga cgggatcatce aacgegggeg cgctcatcege gttcecgagaaa 2640
ggcegtagtt ggecccggga acggacccegg gcaaaactceg aagaagtget gcagtggecce 2700
gctggaacca tcgegegaat ccegtegggge gagceccaccg ageccgcaac aaaccccgac 2760
gegtecceeyg gacteecggee tgccgacgge ceggegtect tgatcgegea ggetgtcace 2820
geegecgtayg acggctgcag tcetggetatce gecagegttge cggcgaccga ggaccccgag 2880
ttcaccgaac gtgccgcgec gatccttgcet gatttgegece agctcgaggce gattgccgte 2940
caagcaaccc gcatcagecg gattaccccg gaattgatca aggcgttggg cgcggtacgt 3000
cgccaccacg acgaattaat gaggctggga gcaaccgecce ctggtgccac actggegcag 3060
cgcttatatg ccgcacggceg gegcgcegaac ctttcecaccee tggagactge ccaageggece 3120
ggcgtegeayg aagaaatgat cgteggegcece gaagcecgagg aagagttgec agecgaggec 3180
accgaagcga tcgaagcact gatccgtcag atcaattgag gtcggctceg agcgtceccac 3240
aagtacaggc acgccgtaac gectcaagttce aacggtcegg ggaacgcegeyg cgttcetecegg 3300
cgtttgacgg tgcgttccat cgtgccgcga acttgaaaac gccagcgtca ccaaaaaatt 3360
cgtgcaccaa ccccecteeg agegetgcta agctcaatgt gcagtgcaaa ggtgcagata 3420
atgatggcge accggaacgg cgagcgtaag gaaacacata aatggcatcyg ggtageggte 3480
tttgcaagac gacgagtaac tttatttggg gccagttact cttgcttgga gagggaatcc 3540
ccgacccagg cgacattttce aacaccggtt cgtegctgtt caaacaaatc agcgacaaaa 3600
tgggactcge cattcecggge accaactgga tceggccaage ggcggaaget tacctaaacce 3660
agaacatcgce gcaacaactt cgcgcacagg tgatgggcga tcetcgacaaa ttaaccggca 3720
acatgatctc gaatcaggcc aaatacgtct ccgatacgcg cgacgtcctg cgggccatga 3780
agaagatgat tgacggtgtc tacaaggttt gtaagggcct cgaaaagatt ccgctgectceg 3840
gccacttgtyg gtegtgggag ctegcaatcce ctatgtccgg catcgcgatg gcecegttgteg 3900
gcggegcatt gcectctatcta acgattatga cgctgatgaa tgcgaccaac ctgaggggaa 3960
ttcteggcag gectgatcgag atgttgacga ccttgccaaa gttccccgge ctgecccegggt 4020
tgcccagect geccgacate atcgacggcece tctggccegece gaagttgcecce gacattccga 4080
tceceggect geccgacate ccgggectac cegacttcaa atggccgece acccececggea 4140
gccegttgtt ccccgaccte ccgtegttece cagggttceece cgggttecccg gagttcececy 4200
ccatcceecgg gttceeccecgea ctgeccegggt tgcccagcat tceccaacttg ttecccegget 4260
tgccgggtet gggcgacctyg ctgcceggeg taggcgattt gggcaagtta cccacctgga 4320
ctgagctgge cgctttgect gacttcettgg gcggcttege cggcctgcce agettgggtt 4380
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ttggcaatct gctcagcttt gecagtttge ccaccgtggg tcaggtgacce gecaccatgg 4440
gtecagetgea acagctcegtyg geggecggeg gtggccccag ccaactggec agcatgggea 4500
gccaacaage gcaactgatce tcgtecgcagg cccagcaagg aggccagcag cacgccacee 4560
tcgtgagega caagaaggaa gacgaggaag gegtggccga ggcggagegt gcacccatcg 4620
acgctggcac cgcggecage caacggggge aggaggggac cgtectttga tceggacaccyg 4680
agtcgccage aggtctgtge catagcgagt cgaagccata gcgagtagaa agttaaacgt 4740
agaggagggt tcaacccatg accggatttc tcggtgtegt gecttegtte ctgaaggtgce 4800
tggcgggcat gcacaacgag atcgtgggtg atatcaaaag ggcgaccgat acggtcgecg 4860
ggattagcgg acgagttcag cttacccatg gttcgttcac gtcgaaattc aatgacacgce 4920
tgcaagagtt tgagaccacc cgtagcagca cgggcacggg tttgcaggga gtcaccagceg 4980
gactggccaa taatctgcte gcagecgecg gegectacct caaggecgac gatggectag 5040
ccggtgttat cgacaagatt ttcecggttgat catgacgggt ccgtccgctg caggcecgegce 5100
gggcaccgec gacaacgtgg tcggcgtega ggtaaccatc gacggcatgt tggtgatcge 5160
cgatcggtta cacctggttg atttccctgt cacgcttggg attcggccga atatcccgca 5220
agaggatctg cgagacatcg tctgggaaca ggtgcagegt gacctcacag cgcaaggggt 5280
gctegaccte cacggggage cccaaccgac ggtcegeggag atggtcgaaa cectgggeag 5340
gccagategg accttggagg gtegectggtg geggcgcgac attggceggeg tcatggtgeg 5400
cttegtegtg tgccgcaggg gcgaccgcca tgtgatcecgeg gegcgcgacg gcegacatgcet 5460
ggtgctgcag ttggtggcge cgcaggtegg cttggeggge atggtgacag cggtgctggg 5520
geeegecgaa ccecgecaacyg tcgaaccect gacgggtgtg geaaccgagce tagcecgaatg 5580
cacaaccgcg tcccaattga cgcaatacgg tatcgcaccg gectecggceece gegtctatge 5640
cgagatcgtg ggtaacccga ccggetgggt ggagatcegtt gecagccaac gccaccccegg 5700
cggcaccacg acgcagaccg acgccgecge tggegtectyg gactcecaage tceggtagget 5760
ggtgtcgett cccecgeegtg ttggaggcga cctgtacgga agecttcectge ccggcactca 5820
gcagaacttg gagcgtgcge tggacggctt gctagagctg cteccctgegg gcgettgget 5880
agatcacacc tcagatcacg cacaagcctce ctececcgaggce tgacccecctceca catctcecget 5940
acgacttcag aaagggacgc catggtggac ccgccgggea acgacgacga ccacggtgat 6000
ctcgacgecece tecgatttete cgccgeccac accaacgagg cgtcegecget ggacgcectta 6060
gacgactatyg cgccggtgca gaccgatgac gccgaaggeg acctggacgce cctecatgeg 6120
ctcaccgaac gcgacgagga gccggagetg gagttgttea cggtgaccaa ccctcaaggg 6180
tcggtgtegg tetcaacccet gatggacgge agaatccagce acgtcgaget gacggacaag 6240
gcgaccagca tgtccgaage gcagctggcece gacgagatct tegttattgce cgatctggece 6300
cgccaaaagg cgcgggegtce gcagtacacg ttcatggtgg agaacatcgyg tgaactgace 6360
gacgaagacyg cagaaggcag cgccctgetg cgggaatteg tggggatgac cctgaatctg 6420
ccgacgecegg aagaggctge cgcagecgaa gecgaagtgt tegecacceyg ctacgatgte 6480
gactacacct cccggtacaa ggccgatgac tgatcgcttg gecagtectgt tcgaaagcegce 6540
cgtcagcatg ttgccgatgt cggaggcgcg gtcgctagat ctgttcaccg agatcaccaa 6600
ctacgacgaa tccgettgceg acgcatggat cggecggate cggtgtgggyg acaccgaccyg 6660
ggtgacgcetg tttegegect ggtattcegeg ccgcaattte ggacagttgt cgggatceggt 6720
ccagatctcg atgagcacgt taaacgccag gattgccatc ggggggctgt acggcgatat 6780
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cacctaccecg gtcacctege cgctagcgat caccatggge tttgccgcat gcecgaggcagce 6840
gcaaggcaat tacgccgacg ccatggaggce cttagaggec gecccggteg cgggttcecga 6900
gcacctggtyg gegtggatga aggcggttgt ctacggcgeg gcecgaacgct ggaccgacgt 6960
gatcgaccag gtcaagagtg ctgggaaatg gccggacaag tttttggeccg gcgeggecgyg 7020
tgtggcgcac ggggttgccg cggcaaacct ggecttgttce accgaagccg aacgccgact 7080
caccgaggcee aacgactcge ccgccggtga ggegtgtgeg cgegecatceg cctggtatcet 7140
ggcgatggcea cggcgcagece agggcaacga aagcgecgeg gtggcegetge tggaatggtt 7200
acagaccact caccccgage ccaaagtgge tgeggegetyg aaggatccect cctaccgget 7260
gaagacgacc accgccgaac agatcgcatce ccgegecgat cectgggatce cgggcagtgt 7320
cgtgaccgac aactccggcece gggagegget getcgcecgag geccaagecyg aactcgaccyg 7380
ccaaattggg ctcacccggg ttaaaaatca gattgaacgc taccgcgcgg cgacgctgat 7440
ggeccgggte cgegecgceca agggtatgaa ggtcegeccag ccecagcaagce acatgatctt 7500
caccggacceg cccggtaccg gcaagaccac gatcgegegyg gtggtggeca atatcctgge 7560
cggcttagge gtcattgccg aacccaaact cgtcgagacg tcgcgcaagg acttcegtegce 7620
cgagtacgag gggcaatcgg cggtcaagac cgctaagacyg atcgatcagyg cgctgggcegg 7680
ggtgctttte atcgacgagg cttatgcget ggtgcaggaa agagacggcc gcaccgatcce 7740
gtteggtcaa gaggcgcetgg acacgetgcet ggegeggatyg gagaacgacce gggaccgget 7800
ggtggtgatc atcgccgggt acagctccga catagatcgg ctgctggaaa ccaacgaggyg 7860
tctgeggteg cggttcgeca ctegcatcga gttcgacacce tattcccceceg aggaactect 7920
cgagatcgcce aacgtcattg ccgctgectga tgattcggeg ttgaccgcag aggcggccga 7980
gaactttectt caggccgcca agcagttgga gcagcgcatg ttgcgceggece ggcegcgecect 8040
ggacgtcegee ggcaacggte ggtatgegeg ccagetggtg gaggccageg agcaatgecg 8100
ggacatgcgt ctagcccagg tcctcecgatat cgacacccte gacgaagacc ggcttcecgega 8160
gatcaacgge tcagatatgg cggaggctat cgccgeggtg cacgcacacc tcaacatgag 8220
agaatgaact atggggcttc gcctcaccac caaggttcag gttagcgget ggecgttttcet 8280
getgegeegy ctegaacacyg ccategtgeg ccgggacace cggatgtttg acgacccget 8340
gcagttctac agccgctcga tcgetcecttgg catcgtcegte geggtectga ttetggeggyg 8400
tgccgegetyg ctggegtact tcaaaccaca aggcaaactc ggcggcacca gectgttcac 8460
cgaccgcegeg accaaccagce tttacgtgct gctgtccecgga cagttgcatce cggtctacaa 8520
cctgactteg gegeggctgg tgctgggcaa tccggccaac ccggccacceg tgaagtecte 8580
cgaactgagce aagctgccga tgggccagac cgttggaate ceeggegece cctacgecac 8640
gecctgttteg gegggcagca cctegatectg gaccctatge gacaccgtcecg cccgagecga 8700
ctccacttece cecggtagtge agaccgeggt catcgcgatg ccgttggaga tcegatgette 8760
gatcgatceg cteccagtcac acgaagceggt gectggtgtec taccagggcg aaacctggat 8820
cgtcacaact aagggacgcc acgccataga tctgaccgac cgegecctca cctegtcegat 8880
ggggataccyg gtgacggcca ggccaacccee gatcteggag ggcatgttca acgegetgece 8940
tgatatgggg ccctggcage tgccgcecgat accggcggceg ggcgcgcecca attcecgettgg 9000
cctacctgat gatctagtga tcggatcggt ctteccagatc cacaccgaca agggcccgca 9060
atactatgtg gtgctgcceg acggcatcge gcaggtcaac gcgacaaccg ctgcggcgcet 9120
gegegecace caggcgcacg ggctggtege gecaccggca atggtgecca gtetggtegt 9180
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cagaatcgcce gaacgggtat acccctcacce gctacccgat gaaccgctca agatcgtgte 9240
ceggecgeag gatccegege tgtgetggte atggcaacge agegecggeyg accagtcegece 9300
gcagtcaacg gtgctgtcecg gcecggcatct geccgatateg cectcagega tgaacatggg 9360
gatcaagcag atccacggga cggcgaccgt ttacctcgac ggcggaaaat tcgtggcact 9420
gcaatccecece gatcctecgat acaccgaatc gatgtactac atcgatccac agggcgtgeg 9480
ttatggggtg cctaacgcgg agacagccaa gtcgctggge ctgagttcac cccaaaacgc 9540
gccetgggag atcgttegte tceetggtega cggteceggtyg ctgtcgaaag atgccgcact 9600
gctegagecac gacacgctge ccgetgacce tagceccccga aaagttceccg ceggagecte 9660
cggagccccce tgatgacgac caagaagttc actcccacca ttaccegtgg cecccceggttg 9720
acccegggeg agatcagect cacgccgecce gatgacctgg gcatcgacat cccaccgteg 9780
ggcgtccaaa agatccttcee ctacgtgatg ggtggcgcca tgctcecggcat gatcgccatce 9840
atggtggcecg gcggcaccag gcagctgtceg ccgtacatgt tgatgatgcce getgatgatg 9900
atcgtgatga tggtcggegg tcetggccggt agcaccggtg gtggcggcaa gaaggtgecce 9960
gaaatcaacg ccgaccgcaa ggagtacctg cggtatttgg caggactacg cacccgagtg 10020
acgtcctegg ccacctctceca ggtggegtte ttctectace acgcaccgca tecccgaggat 10080
ctgttgtcga tecgtcggcac ccaacggcag tggtcccgge cggccaacgce cgacttctat 10140
gcggcecaccee gaatcggtat cggtgaccag ccggeggtgg atcgattatt gaagccggece 10200
gtcggegggyg agttggccge cgccagcegca gcacctcage cgttcecctgga geccecggtcagt 10260
catatgtggg tggtcaagtt tctacgaacc catggattga tccatgactg cccgaaactg 10320
ctgcaactcce gtacctttec gactatcgeg atcggcgggg acttggceggg ggcagecgge 10380
ctgatgacgg cgatgatctg tcacctagcc gtgttccace caccggacct gectgcagatce 10440
cgggtgctca ccgaggaacc cgacgacccce gactggtect ggctcaaatg gettecgcac 10500
gtacagcacc agaccgaaac cgatgcggcec gggtccaccece ggctgatctt cacgegceccag 10560
gaaggtctgt cggacctggce cgcgcgceggg ccacacgcac ccgattcget tcececeggegge 10620
ccectacgtag tegtegtega cctgaccgge ggcaaggctg gattcceccgece cgacggtagg 10680
gccggtgtcea cggtgatcac gttgggcaac catcgegget cggectaccg catcagggtg 10740
cacgaggatg ggacggctga tgaccggctce cctaaccaat cgtttcgcca ggtgacatcg 10800
gtcaccgatc ggatgtcgce gcagcaagcec agccgtateg cgcgaaagtt ggcecggatgg 10860
tccatcacgg gcaccatccect cgacaagacg tcgcgggtce agaagaaggt ggccaccgac 10920
tggcaccagce tggtcggtgce gcaaagtgtc gaggagataa caccttcccg ctggaggatg 10980
tacaccgaca ccgaccgtga ccggctaaag atcccgtttg gtcatgaact aaagaccgge 11040
aacgtcatgt acctggacat caaagagggc gcggaattcg gcgccggacce gcacggcatg 11100
ctcatcggga ccacggggtce tgggaagtcce gaattcctge gcaccctgat cctgtegetg 11160
gtggcaatga ctcatccaga tcaggtgaat ctcctgctca ccgacttcaa aggtggttca 11220
accttectgg gaatggaaaa gcecttecgcac actgccgetg tcecgtcaccaa catggecgag 11280
gaagccgagce tcgtcagceccg gatgggcgag gtgttgacceg gagaactcga tcggcgceccag 11340
tcgatectee gacaggcegg gatgaaagtce ggcgcggecg gagcecctgte cggcgtggee 11400
gaatacgaga agtaccgcga acgcggtgcc gacctaccec cgctgccaac gcttttegte 11460
gtcgtcgacyg agttcgeccga gctgttgcag agtcacccecgg acttcatcgg gctgttcgac 11520
cggatctgee gegtegggeg gtegetgagg gtccatctge tgctggctac ccagtegetg 11580
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cagaccggcg gtgttcgcat cgacaaactg gagccaaacce tgacatatcg aatcgcattg 11640
cgcaccacca gctctcatga atccaaggcg gtaatcggca caccggaggce gcagtacatce 11700
accaacaagg agagcggtgt cgggtttcte cgggtcggca tggaagaccce ggtcaagtte 11760
agcaccttct acatcagtgg gccatacatg ccgeccggegg caggcgtcga aaccaatggt 11820
gaagccggag ggcccggtca acagaccact agacaagccg cgcgcattca caggttcacce 11880
gcggcacegg ttectcgagga ggcgccgaca ccgtgacceg cgccggcgac gatgcaaage 11940
gcagcgatga ggaggagcgg cgccaacggce ccgcgcecggce gacgatgcaa agcecgcagcga 12000
tgaggaggag cggcgcgcat gactgctgaa ccggaagtac ggacgctgcg cgaggttgtg 12060
ctggaccagce tcggcactge tgaatcgegt gcgtacaaga tgtggectgece gecgttgace 12120
aatccggtce cgctcaacga gctcatcgee cgtgatcgge gacaacccect gegatttgee 12180
ctggggatca tggatgaacc gcgccgccat ctacaggatg tgtggggcegt agacgtttcece 12240
ggggccggceyg gcaacatcgg tattgggggce gcacctcaaa ccgggaagtc gacgctactg 12300
cagacgatgg tgatgtcggc cgccgccaca cactcaccge gcaacgttca gttctattge 12360
atcgacctag gtggcggegg gctgatctat ctcgaaaacce ttccacacgt cggtggggta 12420
gccaatcggt ccgagcccga caaggtcaac cgggtggteg cagagatgca agcecgtcatg 12480
cggcaacggg aaaccacctt caaggaacac cgagtgggct cgatcgggat gtaccggcag 12540
ctgcgtgacg atccaagtca acccgttgceg tccgatccat acggcgacgt ctttetgate 12600
atcgacggat ggcccggttt tgtcggcgag ttccccgacce ttgaggggca ggttcaagat 12660
ctggccegece aggggctgge gttcggegte cacgtcatca tcectcecacgece acgctggaca 12720
gagctgaagt cgcgtgttcg cgactacctc ggcaccaaga tcgagttccg gcttggtgac 12780
gtcaatgaaa cccagatcga ccggattacc cgcgagatcc cggcgaatcg tceccecgggtcegg 12840
gcagtgtcga tggaaaagca ccatctgatg atcggcgtge ccaggttcga cggcegtgcac 12900
agcgccgata acctggtgga ggcgatcacce gcgggggtga cgcagatcge ttcccagcac 12960
accgaacagg cacctccggt gegggtectg ccggagegta tccacctgca cgaactcgac 13020
ccgaacccgce cgggaccaga gtccgactac cgcactcgcet gggagattce gatcggettg 13080
cgcgagacgg acctgacgcc ggctcactgce cacatgcaca cgaacccgca cctactgate 13140
tteggtgegg ccaaatcggg caagacgacce attgcccacg cgatcgcegeg cgccatttgt 13200
gcccgaaaca gtceccccagca ggtgeggtte atgctegegg actaccgectce gggectgetg 13260
gacgcggtge cggacaccca tctgectggge gecggcgcga tcaaccgcaa cagegcegteg 13320
ctagacgagg ccgttcaagc actggcggtce aacctgaaga agcggttgcce gecgaccgac 13380
ctgacgacgg cgcagctacg ctcgegtteg tggtggageg gatttgacgt cgtgettctg 13440
gtcgacgatt ggcacatgat cgtgggtgcc geccgggggga tgccgccgat ggcaccgcetg 13500
gccecegttat tgcecggegge ggcagatatc gggttgcaca tcattgtcac ctgtcagatg 13560
agccaggctt acaaggcaac catggacaag ttcgtcggceg ccgcattcecgg gtcecgggeget 13620
ccgacaatgt tcctttcecggg cgagaagcag gaattcccat ccagtgagtt caaggtcaag 13680
cggcgecccce ctggccagge atttcetegte tcegeccagacg gcaaagaggt catccaggece 13740
ccctacatceg agectccaga agaagtgttce gcagcaccce caagcgcecgg ttaagattat 13800
ttcattgceg gtgtagcagg acccgagctce agcccggtaa tcgagttcecgg gcaatgctga 13860
ccatcgggtt tgtttccgge tataaccgaa cggtttgtgt acgggataca aatacaggga 13920
gggaagaagt aggcaaatgg aaaaaatgtc acatgatccg atcgctgccg acattggcac 13980



55

US 8,747,866 B2

-continued
gcaagtgagc gacaacgctce tgcacggcgt gacggccggce tcgacggcgce tgacgtcecggt 14040
gaccgggcetg gtteccecgegg gggcecgatga ggtctecgee caagcggcga cggegttcac 14100
atcggagggce atccaattgce tggcttccaa tgcatcggce caagaccagce tccaccgtge 14160
gggcgaagceg gtccaggacg tcgceccgcac ctattcgcaa atcgacgacg gcgecgcecgg 14220
cgtcttegee gaataggccecce ccaacacatc ggagggagtg atcaccatge tgtggcacge 14280
aatgccaccg gagctaaata ccgcacggct gatggccgge gcgggtceccecgg ctccaatget 14340
tgcggeggece gegggatgge agacgcettte ggcggctcetg gacgctcagg ccgtcecgagtt 14400
gaccgcgege ctgaactcte tgggagaagce ctggactgga ggtggcagcg acaaggcgct 14460
tgcggetgca acgccgatgg tggtcetggcet acaaaccgcg tcaacacagg ccaagacccecg 14520
tgcgatgcag gcgacggcege aagccgcggce atacacccag gccatggcca cgacgecgte 14580
gctgecggag atcgcecgceca accacatcac ccaggccgte cttacggcca ccaacttett 14640
cggtatcaac acgatcccga tcgcgttgac cgagatggat tatttcatcce gtatgtggaa 14700
ccaggcagcce ctggcaatgg aggtctacca ggccgagacce gcggttaaca cgcttttcga 14760
gaagctcgag ccgatggcegt cgatccttga tecccggecgeg agccagagca cgacgaaccce 14820
gatcttcgga atgccctcece ctggcagetce aacaccggtt ggccagttgce cgeccggcegge 14880
tacccagacc ctcggccaac tgggtgagat gagcggcccg atgcagcagce tgacccagece 14940
gctgcagcag gtgacgtcecgt tgttcagcca ggtgggcgge accggcggcg gcaacccage 15000
cgacgaggaa gccgcgcaga tgggectgcet cggcaccagt ccgctgtcecga accatccget 15060
ggctggtgga tcaggcccca gcgegggcege gggcctgcetg cgcgcecggagt cgctacctgg 15120
cgcaggtggg tcgttgaccce gcacgcecgct gatgtctcag ctgatcgaaa agccggttge 15180
ccecteggtyg atgecggegg ctgctgecgg atcgtceggeg acgggtggeg ccegctecggt 15240
gggtgcggga gcgatgggce agggtgcgca atccggcggce tccaccaggce cgggtctggt 15300
cgecgecggca ccgctegege aggagcegtga agaagacgac gaggacgact gggacgaaga 15360
ggacgactgg tgagctcccg taatgacaac agacttcceg gccacccggg ccggaagact 15420
tgccaacatt ttggcgagga aggtaaagag agaaagtagt ccagcatggc agagatgaag 15480
accgatgeceg ctaccctege gcaggaggca ggtaatttceg agcecggatcte cggcgacctg 15540
aaaacccaga tcgaccaggt ggagtcgacg gcaggttegt tgcagggcca gtggegegge 15600
gcggegggga cggcecgcecca ggcecegceggtg gtgcgettec aagaagcagce caataagcag 15660
aagcaggaac tcgacgagat ctcgacgaat attcgtcagg ccggcgtcca atactcecgagg 15720
gccgacgagg agcagcagca ggcgctgtece tcgcaaatgg gcttctgacce cgctaatacg 15780
aaaagaaacg gagcaaaaac atgacagagc agcagtggaa tttcgegggt atcgaggccg 15840
cggcaagcgce aatccaggga aatgtcacgt ccattcatte cctcecttgac gaggggaage 15900
agtccctgac caagctcgca geggectggg gcggtagegg ttcecggaggceg taccagggtg 15960
tccagcaaaa atgggacgcc acggctaccg agctgaacaa cgcgctgcag aacctggcge 16020
ggacgatcag cgaagccggt caggcaatgg cttcgaccga aggcaacgtc actgggatgt 16080
tcgcataggg caacgccgag ttcgcecgtaga atagcgaaac acgggatcgg gcgagttcga 16140
cctteegteg gtcectegeect ttetegtgtt tatacgtttg agegcactcet gagaggttgt 16200
catggcggcce gactacgaca agctcttcecceg gccgcacgaa ggtatggaag ctccggacga 16260
tatggcagcg cagccgttet tcgaccccag tgcttegttt cecgecggege ccgcatcgge 16320
aaacctaccg aagcccaacg gccagactcece gcccecccgacg tccgacgacce tgtcggageg 16380
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gttegtgteg gecececgecge cgecacccece acccccaccet ccgectecege caactccgat 16440
gccgatcgee gcaggagagce cgccectegece ggaaccggec gcatctaaac cacccacacce 16500
ccecatgece atcgecggac ccgaaccggce cccacccaaa ccacccacac cccccatgee 16560
catcgecgga cccgaaccgg ccccacccaa accacccaca cctcecgatge ccategecgg 16620
acctgcaccce accccaaccg aatcccagtt ggcgccccce agaccaccga caccacaaac 16680
gccaaccgga gcgcecgcage aaccggaatc accggcgcecec cacgtaccct cgcacgggcee 16740
acatcaaccc cggcgcaccg caccagcacce gccctgggca aagatgccaa tcggcgaacce 16800
ccegeceeget cegteccagac cgtcectgegte cccggccgaa ccaccgaccece ggcctgeccece 16860
ccaacactcce cgacgtgcge gecggggtca ccgctatcge acagacaccg aacgaaacgt 16920
cgggaaggta gcaactggtc catccatcca ggcgcggctg cgggcagagg aagcatccgg 16980
cgecgcagcetce geccccggaa cggagceccte gccagcgecg ttgggccaac cgagatcgta 17040
tctggeteeg ceccacccegece cegcgecgac agaacctcece cccageccct cgeccgcageg 17100
caactceggt cggcgtgceg agcgacgcgt ccaccccgat ttageccgcecce aacatgccge 17160
ggcgcaacct gattcaatta cggccgcaac cactggcggt cgtcgccgca agegtgcage 17220
gccggatete gacgcgacac agaaatcctt aaggccggeg gccaaggggce cgaaggtgaa 17280
gaaggtgaag ccccagaaac cgaaggccac gaagccgccec aaagtggtgt cgcagecgcegg 17340
ctggcgacat tgggtgcatg cgttgacgcg aatcaacctg ggcectgtcac ccgacgagaa 17400
gtacgagctg gacctgcacg ctcgagtceg ccgcaatcec cgegggtegt atcagatcge 17460
cgtegteggt ctcaaaggtyg gggctggcaa aaccacgctg acagcagcegt tggggtcgac 17520
gttggctcag gtgcgggccg accggatcct ggctctagac gcecggatccag gcgecggaaa 17580
cctegecgat cgggtagggce gacaatcggg cgcgaccatce gctgatgtge ttgcagaaaa 17640
agagctgtcg cactacaacg acatccgcge acacactage gtcaatgcgg tcaatctgga 17700
agtgctgcecg gcaccggaat acagctcggce gcagcgegceg ctcagcgacg ccgactggca 17760
tttcatcgee gatcctgegt cgaggtttta caacctegte ttggctgatt gtggggccgg 17820
cttecttegac cecgctgacce geggegtgcet gtccacggtg teccggtgteg tggtegtgge 17880
aagtgtctca atcgacggcg cacaacaggc gtcggtegeg ttggactggt tgcgcaacaa 17940
cggttaccaa gatttggcga gccgcgcatg cgtggtcatce aatcacatca tgccgggaga 18000
acccaatgtc gcagttaaag acctggtgcg gcatttcgaa cagcaagttc aacccggccecg 18060
ggtcgtggte atgccecgtggg acaggcacat tgcggccgga accgagattt cactcgactt 18120
gctcgacect atctacaage gcaaggtcecct cgaattggec gcagcgctat ccgacgattt 18180
cgagagggct ggacgtcgtt gagcgcacct gctgttgetg ctggtectac cgccgegggg 18240
gcaaccgcetg cgcggectge caccacccgg gtgacgatcee tgaccggcag acggatgacce 18300
gatttggtac tgccagcgge ggtgccgatg gaaacttata ttgacgacac cgtcecgeggtg 18360
ctttececgagg tgttggaaga cacgccggct gatgtactcg gecggcttcega ctttaccgeg 18420
caaggcgtgt gggcgttege tegtcecccgga tcegecgecge tgaagcectcga ccagtcacte 18480
gatgacgcceg gggtggtcga cgggtcactg ctgactctgg tgtcagtcag tcgcaccgag 18540
cgctaccgac cgttggtcga ggatgtcatc gacgcgatcg ccgtgettga cgagtcacct 18600
gagttcgacc gcacggcatt gaatcgettt gtgggggcgg cgatcccget tttgaccgeg 18660
ccegtecateg ggatggcgat gegggegtgg tgggaaactg ggcecgtagett gtggtggeceg 18720
ttggcgattg gcatcctggg gatcgetgtg ctggtaggca gcttegtcege gaacaggtte 18780
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taccagagcg gccacctgge cgagtgccta ctggtcacga cgtatctget gatcgcaacce 18840
gccgecagege tggeccgtgcee gttgccgege ggggtcaact cgttgggggce gccacaagtt 18900
gcecggegeceg ctacggecgt gectgtttttg accttgatga cgecggggcegg ccctecggaag 18960
cgtcatgagt tggcgtcgtt tgccgtgatc accgctatcecg cggtcatcge ggccgecget 19020
gccttegget atggatacca ggactgggtce cccgeggggg ggatcgcatt cgggetgtte 19080
attgtgacga atgcggccaa gctgaccgte gcggtcgege ggatcgeget gecgecgatt 19140
ccggtacceg gcgaaaccdgt ggacaacgag gagttgcteg atccecgtcege gaccececggag 19200
gctaccageg aagaaaccce gacctggcag gccatcateg cgteggtgece cgegteccgeg 19260
gtcecggcteca ccgagcgcag caaactggcec aagcaacttce tgatcggata cgtcacgtecg 19320
ggcaccctga ttetggetge cggtgccatce geggtegtgg tgcgcecgggca cttetttgta 19380
cacagcctgg tggtcgecggg tttgatcacg accgtctgeg gatttegcete geggetttac 19440
gccgagceget ggtgtgegtg ggegttgetg geggcegacgg tcegecgattcecce gacgggtcetg 19500
acggccaaac tcatcatctg gtacccgcac tatgcecctgge tgttgttgag cgtctaccte 19560
acggtagccce tggttgcget cgtggtggtce gggtcgatgg ctcacgtccg gegcegtttca 19620
ccggtegtaa aacgaactcect ggaattgatc gacggcgcca tgatcgcectge catcattcce 19680
atgctgetgt ggatcaccgg ggtgtacgac acggtccgca atatcecggtt ctgagecgga 19740
tcggctgatt ggcggttect gacagaacat cgaggacacg gcgcaggttt gcatacctte 19800
ggcgcecccgac aaattgctge gattgagegt gtggcegegte cggtaaaatt tgctcgatgg 19860
ggaacacgta taggagatcc ggcaatggct gaaccgttgg ccgtcgatcce caccggettg 19920
agcgcagcegg ccgcgaaatt ggccggecte gttttteege agectceccgge gecgatcgeg 19980
gtcagcggaa cggattcggt ggtagcagca atcaacgaga ccatgccaag catcgaatcg 20040
ctggtcagtg acgggctgcec cggcgtgaaa gccgccctga ctcgaacage atccaacatg 20100
aacgcggcgg cggacgtcta tgcgaagacc gatcagtcac tgggaaccag tttgagccag 20160
tatgcattcg gectegtcecggg cgaaggcctg gctggcegteg ccteggtcegg tggtcageca 20220
agtcaggcta cccagctgcect gagcacaccce gtgtcacagg tcacgaccca gctcggcgag 20280
acggccegcetg agctggcacce cegtgttgtt gcgacggtge cgcaactcegt tcagetgget 20340
ccgcacgecg ttcagatgte gcaaaacgca tcccccatcecg ctcagacgat cagtcaaacce 20400
gcccaacagg ccgceccagag cgcegcagggce ggcagceggcec caatgcccgce acagcttgce 20460
agcgctgaaa aaccggccac cgagcaagcg gagccggtcece acgaagtgac aaacgacgat 20520
cagggcgacce agggcgacdgt gcagccggcece gaggtcgttg ccgceggcacg tgacgaaggce 20580
gccggegeat caccgggcca gcagcccegge gggggcgtte ccecgcgcaagce catggatacce 20640
ggagccggtyg cccgeccage ggcgagteceg ctggeggcecece ccecgtcgatcce gtcecgactcecg 20700
gcaccctcaa caaccacaac gttgtagacc gggcctgcca gceggctecegt ctegcacgca 20760
gcgeectgttyg ctgtectgge ctegtcageca tgcggeggee agggcccggt cgagcaaccce 20820
ggtgacgtat tgccagtaca gccagtccgce gacggccaca cgctggacgg ccgegtcagt 20880
cgcagtgtge gecttggtgca gggcaatcte ctgtgagtgg gcagcgtagg cccggaacge 20940
ccgcagatga gecggectege ggccggtage ggtgctggte atgggcecttca tcagetcgaa 21000
ccacagcatg tgccgctcat cgccecggtgg attgacatce accggegcecg gceggcaacaa 21060
gtcgagcaaa cgctgatcgg tagtgtcecgge cagctgagec gcecgceccgagg ggtcecgacgac 21120
ctccagecge gaccggcceg tcecattttgee gctectcececgga atgtcatctg getccagcac 21180
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aatcttggcce acaccgggat ccgaactggce caactgctcece gecggtaccga tcaccgcceg 21240
cagcgtcecatg tcgtggaaag ccgcccaggce ttgcacggce aaaaccgggt aggtggcaca 21300
gcgtgcaatt tcgtcaaccg ggattgegtg atccgegcectg gceccaagtaca ccttattegg 21360
caattccatc ccgtecgggta tgtaggccag cccatagetg ttggccacga cgatggaacce 21420
gtcggtggte accgcggtga tccagaagaa cccgtagteg cccgegttgt tgteggacge 21480
gttgagcgec gccgcgatge gtcegcgcecaa ccgcagcgca tcaccgeggce cacgctggeg 21540
ggcgcectggceca gctgcagtgg cggcegtegeg tgccgeccga gcecgcecgaca ccgggatcat 21600
cgacaccggce gtaccgtcat ctgcagactc gctgcgatcg ggtttgtcga tgtgatcggt 21660
cgacggceggg cgggcaggag gtgccgtceceg cgccgaggce gcccgegtge teggtgecge 21720
cgecttgtee gaggtagcca ccggcegeccg cccagtggca gcatgcecgacce ccgcgeccga 21780
ggcecgeggece gtacccacge tcgaacgcgce geccgcectceee acggcggtac cgcecteggege 21840
ggcggccgece gecegtgege ccgggacacce ggacgccgca gcecggcegtca ccgacgcegge 21900
ggattcgtec gcatgggcag gccccgactg cgtccccceceg cecgcatget ggeccggcac 21960
accaggttgce tccgccaacg ccgcgggttt gacgtgegge gccggctcege ceccctggggt 22020
gceeggtgtt getggaccag acggaccggg agtggecggt gtaaccggcet ggggcccagg 22080
cgatggecgece ggtgecggag ccggetgcegg gtgtggageg ggagetgggg taacgggegt 22140
ggceggggtt geeggtgtgg ceggggegac cgggggggtyg accggegtga teggggttgg 22200
ctegectggt gtgcccecggtt tgaccggggt caccggggtg accggcettge ccggggtcac 22260
cggcgtgacyg ggagtgcegg gegttggtgt gatcggagtt accggegctce ccgggatggg 22320
tgtgattggg gttcccgggg tgatcggggt tcecceggggtyg atcggggtte cecggtgtgee 22380
cggtgtgcce ggggatggca cgaccagggt aggcacgtct gggggtggceg gcgacttctg 22440
ctgaagcaaa tcctcgagtg cgttcettcecgg aggtttccaa ttcecttggatt ccagcacccecg 22500
ctcagcggtce tcggcgacca gactgacatt ggccccatge gtcecgeccgtga ccaatgaatt 22560
gatggcggta tggcgctcat cagcatccag gctagggtca ttctccagga tatcgatcte 22620
ccgttgageg ccatccacat tattgcecgat atcggattta gecttgctcaa tcaacccgge 22680
aatatgcctg tgccaggtaa tcaccgtggce gagataatce tgcagcgtca tcaattgatt 22740
gatgtttgca cccagggcgce cgttggcage attggcggeg ccgeccggacce ataggccgece 22800
ttcgaagacg tggcctttet getggeggca ggtgtccaat acatcggtga ccctttgcaa 22860
aacctggcta tattcctggg cccggtcata gaaagtgtct tcatcggcett ccacccagee 22920
gcceggatec agcatctgte tggcataget geccgtcegge ctggtaatac tcatccceccta 22980
ctgccectece caaaccgcca gatcgecteg cggatcaccg tceccecggttgge cteccggcatt 23040
tcacgcegge tecggccgetg gatccacccee gcgecggtat tcecgcagtaac ccgttgaate 23100
cgecgegcecatg atgcaccget tgggcgatca gccgggtggt cacctegett gegcectggeeg 23160
cgctgtegeca cggggcgcte ggtggtaacg gacgtcataa ttaaccagcg taaccgaacc 23220
taagaccagc tagctgcggce aatattggcg accaggacta tggcgceccctce cgaacccgge 23280
cgatccatgt caaaacattg acaatgcgta ctcacgcegt gtcgggcgeg ctgaatgacce 23340
gcattgcgge gctcattcgg tgcgtagtceg ctaccaccge aacaatgggce ttaggccatt 23400
ccttegttca tegecgecggga catggcecgat aacgcagcegg tcagctgcte geccgecgeg 23460
tcgttatacg cggacgcege ggcctgcgca ttgtgcageg cctegttgac cecgctgagee 23520
accgectegg cacccagett cttcagcaaa ccatcttega tgcgcaggcce ggtgagccac 23580



63

US 8,747,866 B2

-continued
tggtgcccat tgatcgtcac ttcgacggtce tceggcttegt cggtggcgeg gaaggatccg 23640
ttgttcatct gattgagcgt cccgtcectagg gccgactgaa accgcgcecge cagcgtcaac 23700
gccegggega catgegggte caattcecgtec atgctcactt cgactcectta ctgtectgge 23760
gccgacggtt accaatgacg gccteggtec atgcccgate cteggtgtag agecgectcegt 23820
cttecctgetg agaacccttg gacttggege cceccttgtee ctgatgegeg gcacccatcecg 23880
gcattcccat gccaccgecg cccagcecgegg cgccgecgee ggcccttece tggectaage 23940
cggcaatgtc accagcgcca gecgggcecgca ccgattegge gcecccccgatce geggatccca 24000
acggcgecga cggcaccceceg ccgcectecac cgccaccgag cgatgecget ttgaccgcecca 24060
cgtecgeccga cagcgctgeg getteccgee cagecgacgt cagcetgcegece gecgtgtcag 24120
ccgggaggcece accacccggce gatccecggtag gcggaaccat cggtgegget ggcatcccgg 24180
taccgggagt cacaccggag ccgtcagacg gcggcatcag gaagccaggg atcaatccct 24240
gctettgegyg aggcgggggce gggtcgatcet tgatggcggg gggaggcttce ggegggttta 24300
ccggttecag ggctgecttg ttgttgtatt cggtcagcac cttcectceccgac ctcectgetgat 24360
actccgegta caccgggaga atttggtcecge gggccgaagg gttttecgeg taaagecgtt 24420
cgagcceccgac tatgtcttca taagtceggat gttcccgect ageccacacg tgcagetgeg 24480
cgacatattg agcctgcttg gccatcgcag cgctcaattt ggccatgtgg agtatccatt 24540
gcegttgttyg atcgagcgaa gcctcecgcaag cggtageccge atcgecttcece cagttgtcaa 24600
accceceggaa ccgcttgacg tegecttgca gcecgtcaggtt gaaagtgttce cacccatccecg 24660
caaagtgcgce gagcgatgeg ccttggtcecge ccecgtttegag cttecttgece gettetttga 24720
gatccatgaa gttgggttca ccggccgtgg ccaccctcegg cgtatcggtt agtteggecg 24780
aactgtcccce tccgacggece ccggecgatt ctgectgcac agttectteg cegtegttgt 24840
ccagcgeggt cgcagectece tcatcaacct cgccatacge cttggecgeg ttgcgcageg 24900
aggtcgccag acgctgcege tetttggcac cggccgecag gtattcccecge atgttgtegg 24960
cggacaatac cagctgttgg gecggegtttt tageccgecegt gagttcgcac ggtgtgatgg 25020
ggacatcagt cggtgggtcce gccatcgggg cctccaccte gttggcecctg ttcaaaatct 25080
cttgctgatc caccgtcacg gtctgcgact gcgtcatatce ggatcatcct ccttagtget 25140
atagccatta tcgtcgctaa actgaaaggt tcctgcacta atttgatgcc geccgttcat 25200
gccggcateg cgaacggatce gcectactte ggcagegcca tctggtageg gcectttecteg 25260
ggtggggaaa cccggcgaat cggcagctge cgatgccgeg gggtaccgat cacattgtge 25320
cgcagaatca cccggtcaat accgggatgc gggccgagat aggtcgtcege attcggccac 25380
gccaccttta cctectgece gatgtgtgeg ccgatcaacce gggcaaattce ctcecgaactgt 25440
ggccecgactyg tgaccatcge acctgccgec geccgcacgca ccacgaactg ggtgaatgte 25500
tgagcgtcac ccaggttgag ggcgatgtcg acatcgtcga agggcatgta gaccgggcat 25560
cggttcaccg tctcegceccgac cagtacccca gctgacccga tcggcagcetg gcagtggegg 25620
ttggccacca gatgctggece ttgcagecgceg ggccgctgee cgccaaatag gegggcgaag 25680
ccectgggtyg tettgggett gteccgecgtg gtcagcaaca ccgtggactg cggggccate 25740
cceggegega cceccggactet ggtgatggtg tggtccgege gecgecgacca ccatacatce 25800
ggacctcegg gegecgegta ggceggcagtg taggcatcge gcecccttgat catcgaccat 25860
ttctececegeca caaagccgat gteggtggeg tggtcgtagt catcgaaget geggcecacac 25920
accgcgtcega caccatggcet agccagtcga tcggcaatge gecgtegcecgga cgccaccaaa 25980
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taccgggcca gtcecctgcgac gecttcecatceg cggecgctgeg ccgatttgeg ggtgegttee 26040
gggtcggege gcagcacgat ccaggtcecgg cggttegeeg gegecgggtce tgteccgate 26100
acctgctgat acagactcac cacgtccgge gctgcggtat tgccgacgceg gtageccegget 26160
gagacgatat cggcctccaa gtcgggacag tgcaccgaca ggagctcctce caccagtceccg 26220
gtgtccagca tgtcgteggt gtgggcttge ccgtcgacga tgaccgtegg cgtgaatggt 26280
cggggaatga gctcgattac ggcgaccaga aactcgcctt gccagcecgcac cgcaacgtga 26340
tctectgget tcacggtgge cccgaccaca ggttctgacg aggaatccecgg gggcegtcgg 26400
cgeccgecgca accacgcgta caccgcecgcece acccagecgg tgatcecggeg gecgtagaaa 26460
gtgaccgtgg ccacgatgac gcccaacgag gccagcgcaa tccccgccca ccagtagege 26520
gtctccaaga atgcgatgat gcatggcecggg gccaacgcgg aggcaagcaa ggcecgtgcecccg 26580
gtgctgaacc gcagccctaa aggatttcectce atcggcgget cagecgccegt ctagccageg 26640
cgcccaggcece cagggccaac gtaaggccga cggccaccaa cgccacagcece gtaatceggge 26700
gacgatcggg acccggctcee accaccgggg gtggaagtceg tctgacgttg tatggcgecg 26760
aagcagggcce gggcggaatg tcccacgtca gcgecggccac cgcatcgatg acgccecggcge 26820
cgaccaggtc gtcgaccceg cccceggggt gtctecgeggt ggcggtgatce cggtggatga 26880
tctgegecgg cgtcaggteg gggaaccgct gccgaagcag ggccgccaga cccgacacat 26940
atgccgegge aaacgaggtg ccggcgatgg gtaccggcecce ctceccggect tgcagegcat 27000
tcaccggttce accggtgteg ccgagegcga cgatgtttte tgcgggcecgeg gccacgtcca 27060
cccacggtcece gtgcatcgag aacgagctgg gcatcceggt ctggccgata ccgccgacge 27120
ttaacaccag cggtgcgtac cacgccgggg tgacaacggt ctgcacattg ttccageccge 27180
gtgggtcgec gggtgtggac gggtccggeg ccggattctg tacgcaatcg ccaccggtgt 27240
tgccggecge gaccaccacce accacgcectt tgacgttgac cgcatagtcg atggatgcac 27300
ccagtgaggt ttcatcgatc ggcctgctca ccttgtagca ggcggcttca ctgatgttga 27360
tcacacccac gccgaggttyg geggegtgca ccacggcegceg ggcaagactg cggatggaac 27420
cggcggecgg ggtggcegttyg gggtcattceg ggttggettyg tgagccgacce ggttcecgaagg 27480
cctcagacgt ctgacgtage gagagcagtc gagcgtceggg cgcgacgccg acgaacccgt 27540
cggtgggcge gggccggcecece gcegatgatgg atgctgtgag agtceccatgg gcatcacagt 27600
cagacaggcce gttaccggec tggtcgacga aatcgccgee aggttceccgece gggacccgtg 27660
gcgaagcgte gacaccggtg tcgatcaccg ccaccgtcac cccggcccecg gtegecgaact 27720
tgtgggcatc ggccacgccce agatacgtgt tgctccacgg cggatcgtgg aacccggacce 27780
ccggcagegt ggtgggcgac gcegcacaaaa cgcgctgtte ggtaggctga teccgggcceg 27840
tcacgteggg cggcaacgcg cccggatcga tcecggeggtgg cgtgatggece gatgegggeg 27900
acgcggtgag caacgccagce gccaccgtga tcagaaagat acggtgcact cccagaacac 27960
tccattegtt gagattcatt gcgattcatt gagectgegtt gctaccttgg geccacttgac 28020
ggacctgtgt gcattttaga cgtaacggct gggcaaacaa cgctgtcacg cctgggcectgg 28080
tcegeegege cgaccagggce gegtaggcege tgtacctgga ccacgecggg actcaacggt 28140
tttgctaccg cactagccga tatgcggctg ctaccaaacg atcgcggcca tgtcteggtt 28200
gtctgagcac acgctgcgta tcgeggcatce gatgteggtg gecggtgatga tctgcagatce 28260
ctgaaccgat accggttggce ccgcacgttt ttgcgcaacce acccegggtgt cccggaacce 28320
tteggegegt tcgatcacgt tgcgggcgaa ccgaccgttt tgcatagegt cgataccgtg 28380
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ctgcccacta ggggtggtgt agttacggat ggtggtgacce gcgtcgagga atacctcccecg 28440
tgcggegtca tcgagcectgge tggcgegcegg tgtagcgtag cggtgtccaa tctcgacgat 28500
ctccaccgge gaataagact cgaaccgcag ctttcecggttg aaccggccag ccaaacccgg 28560
gttcacggtyg aggaattcat ccacctgatc ctcatagccg gccccgatga aacagaagtc 28620
gaatcggtgt gtttccaatt gaaccaggag ttgattgacc gcctccatgce cgatcatgte 28680
cggtgtteceg tecttgatgac gttcgatcag cgagtagaac tcgtccatga aaatgattcg 28740
ccecgagtgac ttttecgatca getcegttegt cttgggtect gactccccga tgtagtgcce 28800
acagaagtcc gatcggcgaa cttctcecgaat ttcggggtga cgcacgatcce ccatgecgge 28860
gtagatcttg ccgagcgctt cageggtggt tgtcttaccet gtgectggtg gccccaccag 28920
caacatgtgg ttggtctgcc cctccaccgg taggccgtge tctaggcgca tcatgegcac 28980
ctcgagttgg tetteccageg ccgataccge ttgcttgace gceccgccagge ccacctgttt 29040
ggccagcagt tccecggecct cggctagcag ctcecgecgcege cgctgcegetg cattgtcegte 29100
atcgagetgg tcgceggcettt tegccecgtcecga agcatcccaa cggtcggage ggctggcgat 29160
ggttcgttceca tcggtaacaa tcaagcgcag gttcgggtec gceccagggcett ctttggegge 29220
gtcggtgage accccgttga tggtggectt cgacagccag atctgggect tgtectceccte 29280
atgcagttgc cggtacacca tcccccegcac atacgccaag tcggcgacca gcagcggaat 29340
atcggeeggt ccgatcgeceg cggtgagcac gtcggcgecg aaccgctcecg atgacctget 29400
gtgtccgate acgtccacce ggtccagecca gtccagggec actcgccect gecceccgagatg 29460
ggcggcggeyg tgggctgcca gcgcacaaat cgacgeggte accgceccggca tgacgatcge 29520
ctgtggegge agatcctegg cggccgtcecga caacacgtcg ggccatcget gegtgacgta 29580
catcaggaac gcccgagcca gctgatgcca ctggtagttg cgccacgaat ccaatagcte 29640
gcggtttget aacagggcat cggceccttecge atactcccec gcecgatcgtca acgecgacga 29700
cagcgccagce cccacctgag atgcgteggt caccgtgate ccgatggatg gtcccagetg 29760
gacctcageg gccaacgtce ggcecgatceg cgtggtcecteg cggtgcagece actegctatg 29820
ggcgttgage tgcttaagcg aggccagatc gecggtcacceg caggcgatac gacccagcca 29880
cgegteggece atcgacggat cggccteggt ggcagccaca aactcaggca acgccegccac 29940
gcatccctgg ccattcecttga tcecgtcatcge ccgatcgaaa tgccggcgceg cagtgagtaa 30000
atcacccatc gtgtccacca ttctcgacat cgccgceget gtcaccgcegg ttgcaacgtg 30060
tgtctgtcac tctgtgccte aaattcecgtt ggcaacgtte taccggcecta tcgacatcgt 30120
gaccggctceca aggctgacat agceggttcectce cgcacggaac atttccatct caaccagcca 30180
gttttgtect gccgcaccga ctttcaccgt tgcccgateg atttgttcga tggtcaccte 30240
gaagccatge cgatcgcectct cggacagcga ggtaccgggt cgggcaatgg tgatgacact 30300
ggctggcegt ggcgtgggcg aaatcgcgac atcgacaccg ctgecttcag atttgeccgte 30360
atcgecegtte ttgcgccgece gcacgtactce cacgacgcecg acagtggtge geggegceggg 30420
ccgtggtgtyg ccgacgatge tcaactgcegg catgcgtacg ctggcccaac getcttggte 30480
gcgagtgtge acacacacce gctcaccgge accgacgacg cgaatcacga tcctettgge 30540
gatcgtgteg tccgecggcca cgaagacgcg cgacagctca ccggcecgtegg taacgggaat 30600
catcagccgg tcccegttge tcagettgece aatcaacacce cccgacggte cgatcteggt 30660
gactagctge gccggcaacg ggcagcgcceg ctgtececgegt aggtgtggac gtggcccgca 30720
catgttggcce gcagccgegg cggcttgcete accattgage cgacgcaaga tcacactggg 30780
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cggggtaggce gccggcgteg gtgtgegcac ggtgatggte geggtgcacg tcegcgteccgg 30840
atacaccgtt acgttctgga tgacctcatc ggcacgcagce gtccaggctt gcgagagaac 30900
ccgcgacgaa atcgcectcag ccgggtacge atacgtegte atccacccegg cttcaccgeg 30960
gatagcttte cagecgctgcg cactcecccegge taccgegtec gaccccagcece ggcgatcaag 31020
ctcagccaag tectgttgegg tggccagttt ggcgcgcaag ccctgacage gcagggaget 31080
ggcaacgcegt tgggcgaccg aaatggcagce ggccccaacg ctggtacgcece agecgtaaage 31140
ttgggtgttyg ccgatcaccyg gaagccgcat gatcagccac gtttecgegece geccggcata 31200
cggcggcegta ccgatcteeg cgtcatacac ccgegggtaa tcgcecgacgg tgccggtteg 31260
cgagccgaag gtgacgacgce tgattgaatc gagttccagg tccagegggt ggcgcagcaa 31320
cggcgcgagce tcaacgacgt caatcacgtt gtcgctttet acggtcaccg acccggtgac 31380
cgtagtcegece cggtgcgete ggccgagaag ttgcaccgcee accaccgcga caccgtcecttg 31440
cacgcggacg ccaccccecegg atcggttgtt ggccaaggta attgggtcat tccatttgac 31500
gggacgccega ccccgcagcee ccagtaccgce ccacgaccac gccggctgac cccaccactg 31560
tacgaacacc aaggcgacgc cgaccacgac agccatgacce gcacctagct ggccgeccag 31620
cgcccagece gcocgacgcega gcacgaacac tgtccacacce ccggcgaccce gectegcact 31680
gcgegggetyg aacccggtca gcttggacgt caacgcgccece tcecgtagecg agecccgatt 31740
gccattgeca gcacaccggt ggccactgeg ccgacgaacc cgatagcgat attgegegece 31800
cggtgatce 31808
<210> SEQ ID NO 2
<211> LENGTH: 13773
<212> TYPE: DNA
<213> ORGANISM: mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: Complete DNA sequence of RD1 Rv3867-3877
<400> SEQUENCE: 2
atggtggacce cgccgggcaa cgacgacgac cacggtgate tcgacgccect cgatttetee 60
geegeccaca ccaacgagge gtcgecgetg gacgecttag acgactatge gecggtgeag 120
accgatgacg ccgaaggcga cctggacgece ctecatgege tcaccgaacyg cgacgaggag 180
ccggagetgg agttgttcac ggtgaccaac cctcaagggt cggtgtceggt ctcaaccctg 240
atggacggca gaatccagca cgtcgagetg acggacaagg cgaccagcat gtccgaageg 300
cagctggeeg acgagatcett cgttattgec gatctggece gcecaaaaggce gcegggegteg 360
cagtacacgt tcatggtgga gaacatcggt gaactgaccyg acgaagacgce agaaggcagce 420
geectgetyge gggaattcegt ggggatgace ctgaatctge cgacgecgga agaggctgece 480
gcagccgaag ccgaagtgtt cgccaccege tacgatgteg actacacctce ceggtacaag 540
geegatgact gatcgettgg ccagtcetgtt cgaaagegece gtcagcatgt tgecgatgte 600
ggaggcgegy tegectagate tgttcaccga gatcaccaac tacgacgaat ccegettgega 660
cgcatggate ggccggatce ggtgtgggga caccgacegg gtgacgetgt ttcegegectg 720
gtattcgege cgcaattteg gacagttgtce gggatcggte cagatctcga tgagcacgtt 780
aaacgccagg attgccatcg gggggctgta cggcgatate acctaccegyg tcacctegece 840
gctagegate accatggget ttgecgcatg cgaggcageg caaggcaatt acgcecgacge 900
catggaggcee ttagaggccg ccccggtege gggttecgag cacctggtgyg cgtggatgaa 960
ggeggttgte tacggcgcegg ccgaacgetg gaccgacgtg atcgaccagg tcaagagtge 1020
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tgggaaatgg ccggacaagt ttttggccgg cgceggcceggt gtggcgcacg gggttgccgce 1080
ggcaaacctyg gecttgttca ccgaagccga acgccgacte accgaggeca acgactcgec 1140
cgecggtgag gegtgtgege gegcecatege ctggtatcetyg gegatggecac ggcgcagcca 1200
gggcaacgaa agcgccgcegg tggegetgcet ggaatggtta cagaccactce accccgagec 1260
caaagtggcet gcggegetga aggatcecte ctaccggetyg aagacgacca ccgcecgaaca 1320
gatcgcatee cgegecgate cctgggatce gggcagtgte gtgaccgaca actccggecy 1380
ggagcggetyg ctegecgagg cccaagecga actcgaccge caaattggge tcacccegggt 1440
taaaaatcag attgaacgct accgcgegge gacgetgatg gececgggtece gegecgecaa 1500
gggtatgaag gtcgcccage ccagcaagca catgatctte accggaccge ceggtaccegg 1560
caagaccacg atcgcgcggg tggtggccaa tatcctggece ggcttaggeg tcattgccga 1620
acccaaactce gtcgagacgt cgcgcaagga cttegtcegece gagtacgagyg ggcaatcgge 1680
ggtcaagacc gctaagacga tcgatcaggce gctgggcggg gtgcttttca tcgacgaggce 1740
ttatgcgectg gtgcaggaaa gagacggccg caccgatcecg ttcecggtcaag aggcgctgga 1800
cacgectgetyg gegeggatgg agaacgacceg ggaccggetyg gtggtgatca tcegecgggta 1860
cagctceccgac atagatcggce tgctggaaac caacgagggt ctgcggtcge ggttcegccac 1920
tcgcatecgag ttcgacacct attcccccga ggaactcectce gagatcgcca acgtcattgce 1980
cgctgetgat gattcggegt tgaccgcaga ggcggccgag aactttctte aggccgccaa 2040
gcagttggayg cagcgcatgt tgcgeggeceg gegegecctg gacgtegecg gcaacggteg 2100
gtatgcgege cagetggtgg aggccagcega gcaatgecgg gacatgegtce tageccaggt 2160
cctcgatatce gacacccteg acgaagaccg gcttcecgcecgag atcaacgget cagatatggce 2220
ggaggctatc gccgeggtge acgcacacct caacatgaga gaatgaacta tggggcttceg 2280
cctcaccacce aaggttcagg ttagcggctg gecgttttetg ctgcgecgge tcegaacacgce 2340
catcgtgege cgggacaccce ggatgtttga cgacccgcetg cagttctaca gecgctcecgat 2400
cgctettgge atcgtegteg cggtectgat tcectggecgggt gecgegctge tggecgtactt 2460
caaaccacaa ggcaaactcg gcggcaccag cctgttcace gaccgcegega ccaaccaget 2520
ttacgtgctg ctgtccggac agttgcatcce ggtctacaac ctgacttcgg cgcggcetggt 2580
gectgggcaat ccggccaace cggecaccegt gaagtectcece gaactgagca agetgccgat 2640
gggccagace gttggaatce ccggegecce ctacgecacyg cctgtttegg cgggcageac 2700
ctcgatetgg accctatgeg acaccgtcge ccgagccgac tccacttcecce cggtagtgca 2760
gaccgcggte atcgcgatge cgttggagat cgatgectteg atcgatcecgce tccagtcaca 2820
cgaageggtyg ctggtgtect accagggega aacctggate gtcacaacta agggacgcca 2880
cgccatagat ctgaccgacce gecgccctcac ctegtcegatyg gggataccegyg tgacggecag 2940
gccaacceeg atctcecggagg gcatgttcaa cgcgectgcecet gatatggggce cctggcaget 3000
gccgecgata ceggeggcegyg gcgegceccaa ttcecgettgge ctacctgatg atctagtgat 3060
cggatcggtce ttccagatcc acaccgacaa gggcccgcaa tactatgtgg tgctgcccga 3120
cggcatcgeg caggtcaacg cgacaaccge tgeggegetyg cgegecaccee aggcegcacgg 3180
gctggtegeg ccaccggcaa tggtgcccag tectggtcegte agaatcgecg aacgggtata 3240
ccectecaceg ctacccgatg aaccgctcaa gatcgtgtece cggecgcagyg atcccgeget 3300
gtgctggteca tggcaacgca gcgecggega ccagtegecg cagtcaacgg tgetgtceegg 3360
ceggeatetyg ccgatatcege cctcagegat gaacatgggyg atcaagcaga tccacgggac 3420
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ggcgaccgtt tacctcgacg gcggaaaatt cgtggcactg caatcccceccg atcctcgata 3480
caccgaatcg atgtactaca tcgatccaca gggcgtgegt tatggggtgce ctaacgcgga 3540
gacagccaag tcgcectgggcece tgagttcacce ccaaaacgceg ccctgggaga tcecgttegtet 3600
cctggtegac ggtceggtge tgtcgaaaga tgccgcactg ctcgagcacg acacgctgcece 3660
cgctgaccct agccccecgaa aagttcececge cggagectece ggageccect gatgacgace 3720
aagaagttca ctcccaccat tacccgtgge ccececggttga ccccgggcga gatcagecte 3780
acgcegeceg atgacctggg catcgacatce ccaccgtegyg gegtccaaaa gatccttcece 3840
tacgtgatgg gtggcgccat gcectcggcatg atcgccatca tggtggccgg cggcaccagg 3900
cagctgtege cgtacatgtt gatgatgccg ctgatgatga tcgtgatgat ggtcggeggt 3960
ctggecggta gcaccggtgg tggcggcaag aaggtgccceg aaatcaacgce cgaccgcaag 4020
gagtacctge ggtatttggce aggactacgc acccgagtga cgtccteggce cacctctceag 4080
gtggcgttet tcectectacca cgcaccgcat cccgaggatce tgttgtcgat cgteggcacce 4140
caacggcagt ggtcceggcece ggccaacgece gacttctatg cggecacceyg aatcggtate 4200
ggtgaccagc cggcggtgga tcgattattg aagccggceg teggcgggga gttggcecgece 4260
gccagcgceag cacctcagce gttectggag ccggtcagte atatgtgggt ggtcaagttt 4320
ctacgaaccc atggattgat ccatgactgc ccgaaactgce tgcaactccg tacctttecg 4380
actatcgcga tecggcgggga cttggcegggg gcagccggcece tgatgacggce gatgatctgt 4440
cacctagceg tgttecacce accggacctyg ctgcagatece gggtgctcac cgaggaacce 4500
gacgaccceeg actggtcectg gctcaaatgg cttecgecacyg tacagcacca gaccgaaacce 4560
gatgcggeceg ggtccacccecg gctgatette acgcgccagyg aaggtctgtce ggacctggece 4620
gegegeggge cacacgcace cgattegett ccceggeggece cctacgtagt cgtegtcgac 4680
ctgaccggeg gcaaggetgg attccegece gacggtaggg ceggtgtcac ggtgatcacyg 4740
ttgggcaacc atcgcggctce ggcctaccge atcagggtgce acgaggatgg gacggctgat 4800
gaccggctece ctaaccaatc gtttcecgecag gtgacatcgg tcaccgatcg gatgtcecgecyg 4860
cagcaagcca gccgtatcege gcgaaagttg gecggatggt ccatcacggyg caccatccte 4920
gacaagacgt cgcgggtcca gaagaaggtg gccaccgact ggcaccaget ggteggtgeg 4980
caaagtgtcg aggagataac accttececcge tggaggatgt acaccgacac cgaccgtgac 5040
cggctaaaga tcccgtttgg tcatgaacta aagaccggca acgtcatgta cctggacatce 5100
aaagagggcg cggaattcgg cgccggacceg cacggcatge tcatcgggac cacggggtcet 5160
gggaagtccg aattcctgcg caccctgatce ctgtecgcectgg tggcaatgac tcatccagat 5220
caggtgaatc tcctgctcac cgacttcaaa ggtggttcaa ccttectggg aatggaaaag 5280
ctteegeaca ctgecgetgt cgtcaccaac atggccgagg aagcecgaget cgtcagecgg 5340
atgggcgagg tgttgaccgg agaactcgat cggegccagt cgatcctecyg acaggecggg 5400
atgaaagtcg gcgeggecgg agecctgtee ggegtggecyg aatacgagaa gtaccgcgaa 5460
cgeggtgecg acctaccecece getgccaacg cttttegteg tegtcgacga gttegecgag 5520
ctgttgcaga gtcacccgga cttcatcggg ctgttcgacce ggatctgceg cgtecgggegg 5580
tcgectgaggg tcecatctget getggctace cagtcecgetge agaccggcegg tgttcegcatce 5640
gacaaactgg agccaaacct gacatatcga atcgcattgc gcaccaccag ctctcatgaa 5700
tccaaggegg taatcggcac accggaggeg cagtacatca ccaacaagga gagceggtgte 5760
gggtttctec gggtcecggcat ggaagacccg gtcaagttca gcaccttcecta catcagtggg 5820
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ccatacatge cgceggegge aggcgtcgaa accaatggtyg aagccggagyg gcccggtcaa 5880
cagaccacta gacaagccgce gcgcattcac aggttcaceyg cggcaccggt tctegaggag 5940
gegecgacac cgtgacccge gcecggegacg atgcaaageg cagcgatgag gaggagcegge 6000
gccaacggee cgegecggeg acgatgcaaa gcegcagegat gaggaggagce ggcegegcatg 6060
actgctgaac cggaagtacg gacgctgcgce gaggttgtge tggaccagct cggcactgcet 6120
gaatcgecgtyg cgtacaagat gtggctgccg ccgttgacca atccggteccce gctcaacgag 6180
ctcatcgecce gtgatcggeg acaacccctg cgatttgecce tggggatcat ggatgaaccg 6240
cgeccgecate tacaggatgt gtggggcgta gacgtttecg gggccggcgg caacatcggt 6300
attgggggcg cacctcaaac cgggaagtcg acgctactgce agacgatggt gatgtcggcece 6360
gccgecacac actcaccgceg caacgttcag ttctattgca tcegacctagg tggcggceggy 6420
ctgatctatc tcgaaaacct tccacacgtce ggtggggtag ccaatcggte cgagcccgac 6480
aaggtcaacc gggtggtcge agagatgcaa gecgtcatge ggcaacggga aaccacctte 6540
aaggaacacc gagtgggctc gatcgggatg taccggcage tgcgtgacga tccaagtcaa 6600
ccegttgegt ccgatccata cggcgacgte tttetgatca tcgacggatg geccggtttt 6660
gtcggcgagt tceccccgacct tgaggggcag gttcaagatce tggccgccca ggggctggceyg 6720
ttecggegtee acgtcatcat ctceccacgcca cgctggacag agctgaagte gegtgttege 6780
gactacctecg gcaccaagat cgagttccgg cttggtgacg tcaatgaaac ccagatcgac 6840
cggattacce gcgagatccce ggcgaategt cegggteggyg cagtgtcgat ggaaaagcac 6900
catctgatga tcggcgtgcece caggttcgac ggcgtgcaca gcgccgataa cctggtggag 6960
gegatcaceyg cgggggtgac gcagatcget tcccagcaca ccgaacaggce acctcceggtyg 7020
cgggtectge cggagegtat ccacctgcac gaactcgacce cgaacccgece gggaccagag 7080
tcecgactace gecactcecgetyg ggagattceccecg atcggcttge gegagacgga cctgacgecg 7140
gctcactgece acatgcacac gaacccgcac ctactgatcet teggtgcggce caaatcgggce 7200
aagacgacca ttgcccacgce gatcgegege gecatttgtg cecgaaacag tccccagcag 7260
gtgcggttca tgctcgegga ctaccgcteg ggcecctgctgg acgcggtgcece ggacacccat 7320
ctgetgggeg ccggegegat caaccgcaac agegegtege tagacgagge cgttcaagca 7380
ctggeggtca acctgaagaa gecggttgecg cegaccgace tgacgacgge gcagctacge 7440
tcgegttegt ggtggagegg atttgacgtce gtgecttetgg tcgacgattg gcacatgatce 7500
gtgggtgceyg ceggggggat gcecgecgatg gecaccgetgg ceccgttatt gecggeggeg 7560
gcagatatcg ggttgcacat cattgtcacc tgtcagatga gccaggctta caaggcaacce 7620
atggacaagt tcgtcggege cgcatteggg tcgggcgcetce cgacaatgtt ccetttegggce 7680
gagaagcagyg aattcccatc cagtgagttc aaggtcaagce ggcgcccccece tggecaggea 7740
tttctegtet cgccagacgg caaagaggtc atccaggcecce cctacatcga gectccagaa 7800
gaagtgttcg cagcacccce aagcegcceggt taagattatt tcattgcecgg tgtagcagga 7860
ccecgagcetca geccggtaat cgagtteggg caatgctgac catcgggttt gtttecgget 7920
ataaccgaac ggtttgtgta cgggatacaa atacagggag ggaagaagta ggcaaatgga 7980
aaaaatgtca catgatccga tcgctgccga cattggcacg caagtgagcg acaacgctct 8040
gcacggegtyg acggecgget cgacggegcet gacgteggtg accgggetgg tteccegeggyg 8100
ggccgatgag gtcectcecgece aageggcgac ggcgttcaca tceggagggca tccaattget 8160
ggcttccaat gecatcggcece aagaccagct ccaccgtgeyg ggcgaagegg tcecaggacgt 8220
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cgecegeace tattcegcaaa tcgacgacgg cgecgecgge gtettegeeyg aataggecce 8280
caacacatcg gagggagtga tcaccatget gtggcacgca atgccaccgyg agctaaatac 8340
cgcacggetyg atggecggeg cgggtecgge tecaatgett geggeggecyg cgggatggea 8400
gacgcttteg geggetcectgg acgctcagge cgtcgagttyg accgcecgecgec tgaactcetcet 8460
gggagaagcce tggactggag gtggcagcga caaggcgcett geggcetgcaa cgecgatggt 8520
ggtctggeta caaaccgcegt caacacaggce caagacccgt gegatgcagg cgacggcgea 8580
agccgeggcea tacacccagg ccatggecac gacgecgteg ctgecggaga tcegecgecaa 8640
ccacatcacc caggccgtec ttacggccac caacttcecttce ggtatcaaca cgatcccgat 8700
cgcegttgace gagatggatt atttcatccg tatgtggaac caggcagccce tggcaatgga 8760
ggtctaccag gccgagaccg cggttaacac gecttttcgag aagctcgagce cgatggegte 8820
gatccttgat ccecggegcga gccagagcac gacgaaccceg atctteggaa tgecctcecce 8880
tggcagctca acaccggttyg gecagttgee gecggegget acccagacce tceggecaact 8940
gggtgagatyg agcggcccga tgcagcagcet gacccagcecg ctgcagcagg tgacgtegtt 9000
gttcagccag gtgggceggca ccggeggegg caacccagece gacgaggaag ccgegcagat 9060
gggcctgete ggcaccagte cgctgtcegaa ccatcecgcectg getggtggat caggccccag 9120
cgegggegeg ggectgetge gegeggagte getacctgge gcaggtgggt cgttgacceg 9180
cacgccgetg atgtctcage tgatcgaaaa gccggttgece ceccteggtga tgccggeggce 9240
tgctgecgga tcegteggega cgggtggege cgeteeggtyg ggtgcegggayg cgatgggceca 9300
gggtgcgcaa tcecggegget ccaccaggcece gggtcetggte gegecggeac cgetcgegea 9360
ggagcgtgaa gaagacgacg aggacgactg ggacgaagag gacgactggt gagctccegt 9420
aatgacaaca gacttcccgg ccacceggge cggaagactt gcecaacattt tggcgaggaa 9480
ggtaaagaga gaaagtagtc cagcatggca gagatgaaga ccgatgccgce taccctegeg 9540
caggaggcag gtaatttcga gcggatctce ggcgacctga aaacccagat cgaccaggtg 9600
gagtcgacgyg caggttcegtt gcagggccag tggegeggeg cggceggggac ggecgeccag 9660
geegeggtygy tgcgettceca agaagcagcece aataagcaga agcaggaact cgacgagatce 9720
tcgacgaata ttcegtcagge cggcgtecaa tactcgaggyg ccgacgagga gcagcagcag 9780
gegetgtect cgcaaatggg cttcetgacce gectaatacga aaagaaacgg agcaaaaaca 9840
tgacagagca gcagtggaat ttcgcgggta tcgaggccge ggcaagcegca atccagggaa 9900
atgtcacgtc cattcattcc ctecttgacg aggggaagca gtccctgacce aagctcegcag 9960
cggcctgggg cggtagcecggt teggaggcegt accagggtgt ccagcaaaaa tgggacgcca 10020
cggctaccga gctgaacaac gcgctgcaga acctggcegceg gacgatcage gaagceccggte 10080
aggcaatggc ttcgaccgaa ggcaacgtca ctgggatgtt cgcatagggc aacgccgagt 10140
tcgegtagaa tagcgaaaca cgggatcggg cgagttcgac cttcecgtegg tetcecgecctt 10200
tctegtgttt atacgtttga gegcactctg agaggttgte atggcggccg actacgacaa 10260
gctetteegyg ccgcacgaag gtatggaage tccggacgat atggcagegce agecegttett 10320
cgaccceccagt gettegttte cgccggegece cgcatcggca aacctaccga agcccaacgg 10380
ccagactceg cccccgacgt ccgacgacct gtcggagegg ttegtgtcegg ccccgecgee 10440
gccaccceeca cccccaccte cgectecgece aacteccgatg ccgatcgecg caggagagee 10500
gccectegeeg gaaccggcecg catctaaacc acccacaccece cccatgccca tcgecggace 10560
cgaaccggcece ccacccaaac cacccacacce ccccatgece atcgecggac ccgaaccgge 10620
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cccacccaaa ccacccacac ctceccgatgece catcgccgga cctgcaccca ccccaaccga 10680
atcccagttg gcgccccecca gaccaccgac accacaaacg ccaaccggag cgccgcagca 10740
accggaatca ccggcgccece acgtacccte gcacgggcca catcaacccce ggcgcaccge 10800
accagcaccg ccctgggcaa agatgccaat cggcgaacce ccgceccgcte cgtccagacce 10860
gtctgegtee ccggecgaac caccgacceg gcectgeccee caacactceccce gacgtgegeg 10920
ccggggtcac cgctatcgca cagacaccga acgaaacgtce gggaaggtag caactggtcecce 10980
atccatccag gecgceggctge gggcagagga agcatccgge gcgcagctceg ccccecggaac 11040
ggagcccteg ccagegecgt tgggccaacce gagatcgtat ctggctcecge ccacccgece 11100
cgecgecgaca gaacctcecece ccagecccte gccgcagege aactcecggte ggegtgecga 11160
gcgacgcgte caccccgatt tagecgecca acatgeccgeg gcegcaacctg attcaattac 11220
ggccgcaacce actggcggte gtcegccgcaa gecgtgcageg ccggatctceg acgcgacaca 11280
gaaatcctta aggccggcgg ccaaggggcce gaaggtgaag aaggtgaagc cccagaaacc 11340
gaaggccacg aagccgccca aagtggtgtce gcagecgcegge tggcgacatt gggtgcatge 11400
gttgacgcga atcaacctgg gcctgtcacce cgacgagaag tacgagctgg acctgcacge 11460
tcgagtecge cgcaatccece gegggtegta tcagatcgee gtcegteggte tcaaaggtgg 11520
ggctggcaaa accacgctga cagcagcegtt ggggtcgacg ttggctcagg tgcgggceccga 11580
ccggatectg getctagacyg cggatccagg cgccggaaac ctcecgccgatce gggtagggeg 11640
acaatcgggce gcgaccatcg ctgatgtgct tgcagaaaaa gagctgtcge actacaacga 11700
catccgegca cacactageg tcaatgeggt caatctggaa gtgctgceccgg caccggaata 11760
cagcteggeg cagcgcgege tcagcgacgce cgactggcat ttcatcgcecg atcctgegte 11820
gaggttttac aacctcgtct tggctgattg tggggccgge ttcecttcecgacce cgctgacccg 11880
cggcgtgetyg tccacggtgt ccggtgtcegt ggtegtggca agtgtctcaa tcgacggcge 11940
acaacaggcg tcggtcgegt tggactggtt gcgcaacaac ggttaccaag atttggcgag 12000
ccgcgeatge gtggtcatca atcacatcat gccgggagaa cccaatgtcg cagttaaaga 12060
cctggtgegg catttcgaac agcaagttca accecggecgg gtcegtggtca tgccgtggga 12120
caggcacatt gcggccggaa ccgagatttce actcgacttg ctcgacccta tctacaageg 12180
caaggtcctce gaattggceg cagcgctatce cgacgattte gagagggctg gacgtegttg 12240
agcgcacctg ctgttgctge tggtectacce gcecgeggggg caaccgctge geggectgee 12300
accacceggg tgacgatcct gaccggcaga cggatgaccg atttggtact geccageggeg 12360
gtgccgatgg aaacttatat tgacgacacc gtcgcggtge tttccgaggt gttggaagac 12420
acgccggetg atgtactegg cggcttcecgac tttaccgege aaggcegtgtg ggcgtteget 12480
cgtceceggat cgccgeccget gaagctcecgac cagtcactceg atgacgccgg ggtggtcgac 12540
gggtcactgce tgactctggt gtcagtcagt cgcaccgagce gctaccgacc gttggtcgag 12600
gatgtcatcg acgcgatcge cgtgcttgac gagtcacctg agttcgaccg cacggcattg 12660
aatcgetttg tgggggcggce gatcccegett ttgaccgege ccgtcatcecgg gatggegatg 12720
cgggcgtggt gggaaactgg gegtagettg tggtggeegt tggcgattgg catcetgggg 12780
atcgctgtge tggtaggcag cttcecgtegeg aacaggttct accagagcgg ccacctggece 12840
gagtgcctac tggtcacgac gtatctgctg atcgcaaccg ccgcagcgct ggecegtgecg 12900
ttgcecgegeg gggtcaacte gttgggggceg ccacaagttg ccggcgcecge tacggecgtg 12960
ctgtttttga ccttgatgac gcggggcggce cctcggaage gtcatgagtt ggcegtegttt 13020



US 8,747,866 B2
81

-continued

gecgtgatca ccgctatcege ggtcatcegeg gecgecgetg cctteggeta tggataccag

gactgggtce ccgegggggg gatcegcatte gggetgttea ttgtgacgaa tgeggecaag

ctgacegteg cggtegegeg gatcgegetyg cegecgatte cggtaccegg cgaaaccegtg

gacaacgagg agttgctcga tccegtegeg acccceggagg ctaccagcega agaaaccceceg

acctggcagyg ccatcatege gteggtgece gegtecgegg tecggetcac cgagegceage

aaactggcca agcaacttct gatcggatac gtcacgtegg gecaccetgat tetggetgece

ggtgccatceg cggtegtggt gegegggcac ttetttgtac acagectggt ggtegegggt

ttgatcacga ccgtetgegg atttegeteg cggetttacg cegagegetyg gtgtgegtgg

gegttgetgyg cggcgacggt cgcgattceg acgggtcetga cggccaaact catcatetgg

tacccgcact atgectgget gttgttgage gtetacctea cggtageect ggttgegete

gtggtggtceg ggtcgatgge tcacgtcegyg cgegtttcac cggtegtaaa acgaactctg

gaattgatcg acggcgccat gatcgetgece atcattccca tgetgetgtg gatcaceggg

gtgtacgaca cggtccgcaa tatccggtte tga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3
LENGTH: 3909

TYPE: DNA

ORGANISM: Mycobacterium tuberculosis

FEATURE:

OTHER INFORMATION: RD1-AP34 (a 3909 bp fragment of the M.

tuberculosis H37Rv genome)

SEQUENCE: 3

gaattcccat ccagtgagtt caaggtcaag cggcgcccce ctggecagge atttetegte

tcgecagacyg gcaaagaggt catccaggece ccctacateg agectcecaga agaagtgtte

gecagcacccee caagegecgg ttaagattat ttcattgeeg gtgtagcagg acccgagetc

agcccggtaa tcgagttegg geaatgetga ccategggtt tgtttecgge tataaccgaa

cggtttgtgt acgggataca aatacaggga gggaagaagt aggcaaatgg aaaaaatgtce

acatgatccg atcgetgecg acattggecac gcaagtgage gacaacgete tgcacggegt

gacggcegge tcgacggege tgacgteggt gaccgggetyg gttecegegyg gggecgatga

ggtctecgee caageggcega cggegttcac atcggaggge atccaattge tggettecaa

tgcatceggee caagaccage tccaccgtge gggcgaageg gtccaggacg tegeccgeac

ctattcgcaa atcgacgacg gegecgeegg cgtcttegece gaataggece ccaacacatce

ggagggagtyg atcaccatge tgtggcacge aatgccaccg gagctaaata ccgcacgget

gatggcegge gegggtecegg ctccaatget tgeggeggee gegggatgge agacgettte

ggeggetetyg gacgetcagg cegtcgagtt gaccgegege ctgaactcete tgggagaage

ctggactgga ggtggcageg acaaggegcet tgeggetgea acgecgatgg tggtetgget

acaaaccgcg tcaacacagg ccaagaccceg tgegatgeag gegacggege aagecgegge

atacacccag gccatggeca cgacgecgte getgecggag atcgeegeca accacatcac

ccaggcegte cttacggeca ccaacttett cggtatcaac acgatccega tcegegttgac

cgagatggat tatttcatce gtatgtggaa ccaggcagec ctggcaatgg aggtctacca

ggccgagace geggttaaca cgcttttega gaagctcegag ccgatggegt cgatecttga

tceceggegeg agccagagca cgacgaacce gatcttegga atgecctece ctggcagete

aacaccggtt ggccagttge cgeccggegge tacccagace cteggecaac tgggtgagat

gagcggeceg atgcagcage tgacccagece getgcagcag gtgacgtegt tgttcageca

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13773

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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ggtgggegge accggeggeg gcaacccage cgacgaggaa gecgcgcaga tgggectget 1380
cggcaccagt ccgctgtega accatceget ggetggtgga tcaggcccca gegegggege 1440
gggcctgetyg cgecgceggagt cgctacctgg cgcaggtggg tegttgacce gcacgcecget 1500
gatgtctcag ctgatcgaaa agccggttge ccccteggtg atgeccggegg ctgcectgecgg 1560
atcgteggeg acgggtggeg ccgcteeggt gggtgcggga gegatgggece agggtgegea 1620
atccggegge tccaccagge cgggtetggt cgegecggea cegetegege aggagegtga 1680
agaagacgac gaggacgact gggacgaaga ggacgactgg tgagctcccyg taatgacaac 1740
agacttcceg gccacceggg ccggaagact tgccaacatt ttggcgagga aggtaaagag 1800
agaaagtagt ccagcatggc agagatgaag accgatgceg ctaccctege gcaggaggca 1860
ggtaatttcg agcggatcte cggcgacctg aaaacccaga tcgaccaggt ggagtcgacyg 1920
gcaggttegt tgcagggceca gtggegegge geggegggga cggecgecca ggecgeggtyg 1980
gtgcgettee aagaagcagce caataagcag aagcaggaac tcgacgagat ctcgacgaat 2040
attcgtcagg ccggegteca atactcgagg gecgacgagyg agcagcagca ggcgetgtee 2100
tcgcaaatgg gettetgace cgctaatacg aaaagaaacyg gagcaaaaac atgacagagce 2160
agcagtggaa tttcgcgggt atcgaggccg cggcaagcegce aatccaggga aatgtcacgt 2220
ccattcattc cctcecttgac gaggggaagce agtccctgac caagctcgca geggectggg 2280
geggtagegy tteggaggeg taccagggtg tccagcaaaa atgggacgec acggctacceg 2340
agctgaacaa cgcgctgcag aacctggege ggacgatcag cgaagcecggt caggcaatgg 2400
cttcgaccga aggcaacgtc actgggatgt tcgcataggg caacgccgag ttcgcegtaga 2460
atagcgaaac acgggatcgg gcgagttcga ccttececgteg gtctegecct ttetegtgtt 2520
tatacgtttg agcgcactct gagaggttgt catggcggcce gactacgaca agctcttecg 2580
geegecacgaa ggtatggaag ctccggacga tatggcageg cagccgttet tegaccccag 2640
tgcttegttt ccgeeggege ccgcategge aaacctacceyg aagceccaacyg gccagactcee 2700
geecccgacy tecgacgace tgteggageg gttegtgteg gecccegecge cgecaccece 2760
acccecacct ccgectecge caactcecgat gecgatcegece gcaggagage cgccectegece 2820
ggaaccggece gcatctaaac cacccacacce ccccatgece atcgecggac ccgaaccgge 2880
cccacccaaa ccacccacac cccccatgece catcgcecgga cecgaaccgyg ccccacccaa 2940
accacccaca cctecgatge ccatcgecgg acctgcaccee accccaaccyg aatcccagtt 3000
ggcgeccceee agaccaccga caccacaaac gccaaccgga gegccgcagce aaccggaatce 3060
accggegece cacgtaccct cgcacgggece acatcaacce cggcgcaccyg caccagcace 3120
geectgggea aagatgccaa tcggcgaacce ccecgeccget cegtccagac cgtetgegte 3180
ceceggecgaa ccaccgacce ggectgeccee ccaacactece cgacgtgege gcecggggtca 3240
ccgetatege acagacaccg aacgaaacgt cgggaaggta gcaactggtce catccatcca 3300
ggcgeggety cgggcagagg aagcatccgg cgcgcagcetce gecccceggaa cggagcccte 3360
geecagegeeyg ttgggccaac cgagatcgta tetggetceg cecaccegec cegegecgac 3420
agaacctccee cccageccect cgccgecageg caactceceggt cggegtgecyg agcgacgegt 3480
ccaccecgat ttagecgecce aacatgecge ggcgcaacct gattcaatta cggecgcaac 3540
cactggceggt cgtcegecgca agecgtgeage gecggatcte gacgcgacac agaaatcctt 3600
aaggccggeg gccaaggggce cgaaggtgaa gaaggtgaag ccccagaaac cgaaggccac 3660
gaagccgeec aaagtggtgt cgcagcgegg ctggcgacat tgggtgcatg cgttgacgeg 3720
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aatcaacctyg ggectgtcac ccgacgagaa gtacgagetg gacctgcacg ctcegagtceceg

ccgcaatece cgegggtegt atcagatege cgtegteggt ctcaaaggtyg gggctggcaa

aaccacgctyg acagcagegt tggggtegac gttggetcag gtgegggecg accggatcect

ggctctaga

<210> SEQ ID NO 4
<211> LENGTH: 324

<212> TYPE:

DNA

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3861

<400> SEQUENCE: 4

gtgacctgge
acgtcaatct
cagcgegaga
ctgtteegea
agacacccgg

caacgcgaat

tggctgacce

cggegeccat

aatcttgteg

gacccctega

tggtcgegea

gecegegece

<210> SEQ ID NO 5
<211> LENGTH: 348

<212> TYPE:

DNA

ggteggcaac
cgtegaatcee
atgttctege
accageggte

ccgggtaace

ggcce

agcaggatcg

tggecgggege

getgtecaca

caggceggegy

gttgcgeteyg

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3862c-whiBé

<400> SEQUENCE: 5

atgcgatacg

atgacagtaa

tggacgacga

ctgtgtgeac

attcccgaat

cgcaacggtt

ctttegegge

cecgeectgta

ctcecgacga

gegacgeegt

caggccgggce

acceggtgeg

<210> SEQ ID NO 6
<211> LENGTH: 1176

<212> TYPE:

DNA

agaggctaca

tgaggtcceg

cgaggccaag

cgagtecegeg

gegggeatte

cgaccaccgyg

acctgcaacyg

ctceggegttt

accctgtgec

ggtgcggaag

gCgttgggCC

gtgtctgece

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence RV3863

<400> SEQUENCE: 6

atggegggcyg
acgcagatgt
ggcacatcag
gtcggcaccee
gatggacggt
ggcagetegyg
aaggcgttga
caaccatcag

CCngCgtgg

agcggaaagt
ctaaagcagg
acgtgattga
agatcgacga
ggcggategt
tgaccgteag
cgttegaagt
cggacctgte

ttcgegcagy

ctgeccaceyg

gtcgactgte

geceegtege

ttctecgaate

cggcaacatce

cgataagacc

cgtcaggecyg

ggacgacccyg

dgcggecegceyg

tcceggetag

ggaccggcgce

ggtgtcgcga

tctcagacac

ccgagaggta

ctaatccgat

tcggatteceg

gegcacaacyg

getgegegee

cccgagegea

aacgcggege

tccagggeat

ttgcgtcatyg

gccagggate

ctttectggag

gcacgcaaga

gggettgece

ggetgtggge

agctgegatce

aatcggca

tacccgcgaa

cgectggtege

tcattggeca

atctgecgage

tgttcgtegy

tcggegatee

ctgcacagca

ctgegecggt

gtcgtgaact

ggcctgcaaa

gcaatgtgga

ctcaccgeca

ccgattggge

gecagctggece

gaacgtagac

tccegategt

gegeeggtgg

aggggtcgta

cctggecgag

taagggatca
gtgcagcgge
ctegtgecga
ggtatccgat
cggacgacge
cecctggagge
cggecgegta
cgcaccggac

tgacatcage

3780

3840

3900

3909

60

120

180

240

300

324

60

120

180

240

300

348

60

120

180

240

300

360

420

480

540
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caacgcagcet tggeggcecga cgggatcatce aacgegggeg cgctcatcege gttcecgagaaa 600
ggcegtagtt ggecccggga acggacccegg gcaaaactceg aagaagtget gcagtggecce 660
gctggaacca tcgegegaat ccegtegggge gagceccaccg ageccgcaac aaaccccgac 720
gegtecceeyg gacteecggee tgccgacgge ceggegtect tgatcgegea ggetgtcace 780
geegecgtayg acggctgcag tcetggetatce gecagegttge cggcgaccga ggaccccgag 840
ttcaccgaac gtgccgegece gatccttget gatttgegece agetcgagge gattgecgte 900
caagcaacce gcatcageccg gattacccceg gaattgatca aggegttggyg cgcggtacgt 960
cgccaccacg acgaattaat gaggctggga gcaaccgecce ctggtgccac actggegcag 1020
cgcttatatg ccgcacggceg gegcgcegaac ctttcecaccee tggagactge ccaageggece 1080
ggcgtegeayg aagaaatgat cgteggegcece gaagcecgagg aagagttgec agecgaggec 1140
accgaagcga tcgaagcact gatccgtcag atcaat 1176
<210> SEQ ID NO 7
<211> LENGTH: 1206
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3864
<400> SEQUENCE: 7
atggcatcgg gtageggtcet ttgcaagacg acgagtaact ttatttgggyg ccagttacte 60
ttgcttggag agggaatccce cgacccagge gacatttteca acaccggtte gtcegetgtte 120
aaacaaatca gcgacaaaat gggactcgece attccgggea ccaactggat cggccaagceg 180
gcggaagett acctaaacca gaacatcgceg caacaacttce gegcacaggt gatgggcgat 240
ctcgacaaat taaccggcaa catgatctcg aatcaggcca aatacgtcte cgatacgcege 300
gacgtcctyge gggccatgaa gaagatgatt gacggtgtcet acaaggtttg taagggectce 360
gaaaagattc cgctgctcegg ccacttgtgg tegtgggage tegcaatcce tatgtccegge 420
atcgegatgg ccegttgtegg cggcgcattg ctetatctaa cgattatgac gctgatgaat 480
gcgaccaace tgaggggaat tcteggcagg ctgatcgaga tgttgacgac cttgccaaag 540
tteceeggee tgccegggtt geccagectyg cecgacatca tegacggect ctggecgecyg 600
aagttgcceg acattccgat ccccggectg cecgacatee cgggectace cgacttcaaa 660
tggcegecca cccecggecag cecegttgtte cecgacctee cgtegttece agggttecce 720
gggttcecegyg agttecccege catccceggg tteccegecac tgcccegggtt geccageatt 780
cccaacttgt tcceceggett geegggtetg ggecgacctge tgcccggegt aggegatttg 840
ggcaagttac ccacctggac tgagetggcece getttgectg acttettggg cggettegee 900
ggectgecca gettgggttt tggcaatcetg ctcagetttyg ccagtttgece caccgtgggt 960
caggtgaccg ccaccatggg tcagctgcaa cagetegtgg cggecggegyg tggecccage 1020
caactggcca gcatgggcag ccaacaagceg caactgatcet cgtegcagge ccagcaagga 1080
ggccagcage acgccaccct cgtgagcgac aagaaggaag acgaggaagg cgtggccgag 1140
gecggagegtyg cacccatcga cgctggcace geggcecagec aacgggggca ggaggggacce 1200
gtcett 1206

<210> SEQ ID NO 8
<211> LENGTH: 309

<212> TYPE:

DNA

<213> ORGANISM: Mycobacterium tuberculosis
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<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3865
<400> SEQUENCE: 8
atgaccggat ttcteggtgt cgtgectteg ttectgaagyg tgctggeggyg catgcacaac 60
gagatcgtgyg gtgatatcaa aagggcgacce gatacggtceg ccgggattag cggacgagtt 120
cagcttacce atggttegtt cacgtcgaaa ttcaatgaca cgctgcaaga gtttgagacce 180
acccgtagea gcacgggcac gggtttgcag ggagtcacca geggactgge caataatctg 240
ctegeageceg ccggegecta cctcaaggee gacgatggece tagecggtgt tatcgacaag 300
attttcggt 309
<210> SEQ ID NO 9
<211> LENGTH: 849
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3866
<400> SEQUENCE: 9
atgacgggte cgtcegetge aggccgegeg ggcaccgecyg acaacgtggt cggegtegag 60
gtaaccatcg acggcatgtt ggtgatcgcce gatcggttac acctggttga tttecctgte 120
acgcttggga ttcggecgaa tatcccgecaa gaggatctge gagacatcegt ctgggaacag 180
gtgcagegtyg acctcacage gcaaggggtg ctcgacctee acggggagec ccaaccgacyg 240
gtegeggaga tggtcgaaac cctgggcagg ccagatcgga ccttggaggg tegetggtgg 300
cggcgegaca ttggeggegt catggtgege ttegtegtgt gecgcagggyg cgaccgecat 360
gtgatcgegyg cgegegacgg cgacatgetg gtgctgeagt tggtggegece gecaggtcegge 420
ttggegggca tggtgacagce ggtgctgggg cecgecgaac ccegecaacgt cgaaccectg 480
acgggtgtgg caaccgagct agccgaatge acaaccgegt cccaattgac gcaatacggt 540
atcgcaccgg ccteggeccg cgtctatgee gagatcegtgg gtaacccgac cggetgggtyg 600
gagatcgttyg ccagccaacg ccacccegge ggcaccacga cgcagaccga cgecgecget 660
ggegtectygyg actccaaget cggtaggetg gtgtegette ceecgeegtgt tggaggcgac 720
ctgtacggaa gcttectgee cggcactcag cagaacttgg agegtgceget ggacggettg 780
ctagagctge tccectgeggg cgcttggeta gatcacacct cagatcacge acaagectcece 840
tcecgagge 849
<210> SEQ ID NO 10
<211> LENGTH: 552
<212> TYPE: DNA
<213> ORGANISM: mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3867
<400> SEQUENCE: 10
atggtggacce cgccgggcaa cgacgacgac cacggtgate tcgacgccect cgatttetee 60
geegeccaca ccaacgagge gtcgecgetg gacgecttag acgactatge gecggtgeag 120
accgatgacg ccgaaggcga cctggacgece ctecatgege tcaccgaacyg cgacgaggag 180
ccggagetgg agttgttcac ggtgaccaac cctcaagggt cggtgtceggt ctcaaccctg 240
atggacggca gaatccagca cgtcgagetg acggacaagg cgaccagcat gtccgaageg 300
cagctggeeg acgagatcett cgttattgec gatctggece gcecaaaaggce gcegggegteg 360
cagtacacgt tcatggtgga gaacatcggt gaactgaccyg acgaagacgce agaaggcagce 420
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gecctgetge gggaattcegt ggggatgace ctgaatctge cgacgecgga agaggetgec

gcagccgaag ccgaagtgtt cgccaccege tacgatgteg actacaccte ccggtacaag

gecgatgact

ga

<210> SEQ ID NO 11
<211> LENGTH: 1722

<212> TYPE:

DNA

<213> ORGANISM: mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3868

<400> SEQUENCE: 11

atgactgatc

gegeggtege

tggatcggec

tcgegecgea

gccaggattyg

gcgatcacca

gaggccttag

gttgtctacy

aaatggcegyg

aacctggect

ggtgaggegt

aacgaaagcg

gtggetgegg

gcatccegeyg

cggetgeteg

aatcagattg

atgaaggtcg

accacgatcg

aaactcgteg

aagaccgceta

gegetggtge

ctgetggege

tccgacatag

atcgagtteg

getgatgatt

ttggagcage

gegegecage

gatatcgaca

gctategecy

gettggecag

tagatctgtt

ggatccggtg

atttcggaca

ccatcggggg

tgggctttge

aggccgeeec

gcgeggecga

acaagttttt

tgttcaccga

gtgcgegege

cegeggtgge

cgctgaagga

ccgateectyg

ccgaggecca

aacgctacceg

cccageccag

cgcgggtgge

agacgtcgeg

agacgatcga

aggaaagaga

ggatggagaa

atcggetget

acacctattce

cggegttgac

gecatgttgeyg

tggtggagge

cecctegacga

cggtgcacge

<210> SEQ ID NO 12
<211> LENGTH: 1443

<212> TYPE:

DNA

tctgttegaa

caccgagatce

tggggacacc

gttgtcggga

getgtacgge

cgcatgegag

ggtcgegggt

acgctggace

dgecggegcey

agccgaacge

catcgectygyg

getgetggaa

tcecctectac

ggatccgggc

agccgaacte

c¢geggcegacy

caagcacatg

ggccaatatce

caaggacttc

tcaggecgetyg

cggecgeace

cgaccgggac

ggaaaccaac

cccegaggaa

c¢gcagaggeg

cggccggcege

cagcgagcaa

agaccggett

acacctcaac

agcgcegtea

accaactacg

gaccgggtga

tcggtecaga

gatatcacct

gcagcgcaag

tccgagcace

gacgtgatcyg

geeggtgtgg

cgactcaccyg

tatctggcga

tggttacaga

cggctgaaga

agtgtcgtga

gaccgccaaa

ctgatggece

atcttcaccyg

ctggecegget

gtegecgagt

ggeggggtge

gatcecgtteg

cggctggtgg

gagggtctgc

ctcctegaga

gccgagaact

gecctggacy

tgccgggaca

cgcgagatca

atgagagaat

<213> ORGANISM: mycobacterium tuberculosis

geatgttgee

acgaatccge

cgctgttteg

tctegatgag

accecggteac

gcaattacgce

tggtggegtyg

accaggtcaa

CgCangggt

aggccaacga

tggCangCg

ccactcacce

cgaccaccge

ccgacaactce

ttgggctcac

gggtCCgCgC

gaccgecegg

taggcgtcat

acgaggggca

ttttcatcga

gtcaagaggce

tgatcatcge

ggtcgcggtt

tcgecaacgt

ttcttcagge

tcgecggceaa

tgcgtctage

acggctcaga

ga

gatgtcggag

ttgcgacgca

cgectggtat

cacgttaaac

ctcgeegeta

cgacgcecatyg

gatgaaggcg

gagtgetggg

tgcecgeggea

ctegeeegece

cagccaggge

cgagcccaaa

cgaacagatc

¢ggccgggay

ccgggttaaa

cgccaagggt

taccggcaag

tgccgaacce

atcggeggte

cgaggcettat

getggacacg

cgggtacage

cgccactege

cattgececget

cgccaagcag

cggteggtat

ccaggtecte

tatggcggag

480

540

552

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1722
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<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3869
<400> SEQUENCE: 12
atggggctte gectcaccac caaggttcag gttagegget ggegttttet getgegecgg 60
ctecgaacacg ccategtgeg ccgggacacce cggatgtttyg acgacccget gcagttctac 120
agccgetega tegetettgg catcgtegte geggtectga ttetggeggyg tgcegegetyg 180
ctggegtact tcaaaccaca aggcaaactc ggcggcacca gectgttcac cgaccgegeg 240
accaaccagce tttacgtgct getgteccgga cagttgcate cggtctacaa cctgactteg 300
gegeggetygy tgctgggcaa tcecggecaac ccggcecacceg tgaagtectce cgaactgage 360
aagctgccga tgggecagac cgttggaatce ceeggegece cctacgecac gectgttteg 420
gegggcagea cctegatctg gaccectatge gacaccgteg cecgagecga ctecacttec 480
ccggtagtge agaccgeggt catcgegatg cegttggaga tegatgette gatcgatccg 540
ctccagtcac acgaageggt getggtgtece taccagggeg aaacctggat cgtcacaact 600
aagggacgcce acgccataga tctgaccgac cgegecctea cctegtcegat ggggataccg 660
gtgacggcca ggccaaccee gatcteggag ggcatgttca acgcegetgec tgatatgggg 720
cectggeage tgccegecgat accggeggeg ggcgegecca attegettgg cctacctgat 780
gatctagtga tcggatcggt cttecagatc cacaccgaca agggcccgca atactatgtg 840
gtgctgeceyg acggcatcge gcaggtcaac gcgacaaccg ctgceggeget gegegccace 900
caggcgcacg ggctggtege gecaccggea atggtgccca gtetggtegt cagaatcgece 960
gaacgggtat acccctcacce gctacccgat gaaccgetca agatcgtgtce ceggecgeag 1020
gatccegege tgtgetggte atggcaacge agcgceceggeg accagtcegec gcagtcaacyg 1080
gtgctgteeg gecggcatct gccgatatcg cecctcagcga tgaacatggg gatcaagcag 1140
atccacggga cggcgaccgt ttacctcgac ggcggaaaat tcgtggcact gcaatcccce 1200
gatcctcgat acaccgaatc gatgtactac atcgatccac agggcgtgceg ttatggggtg 1260
cctaacgegg agacagccaa gtegetggge ctgagttcac cccaaaacge gcecctgggag 1320
atcgttegte tecctggtega cggtcececggtg ctgtcgaaag atgccgcact getcgagcac 1380
gacacgctge ccgetgacce tageccccga aaagttceceg ceggagectce cggagcccee 1440
tga 1443
<210> SEQ ID NO 13
<211> LENGTH: 2244
<212> TYPE: DNA
<213> ORGANISM: mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3870
<400> SEQUENCE: 13
atgacgacca agaagttcac tcccaccatt accegtggec cceeggttgac cccgggcgag 60
atcagcctca cgccegeccga tgacctggge atcgacatcee caccgtceggyg cgtccaaaag 120
atccttecect acgtgatggg tggcgecatg cteggcatga tegecatcat ggtggecgge 180
ggcaccagge agcetgtcegece gtacatgttg atgatgecge tgatgatgat cgtgatgatg 240
gteggeggte tggecggtag caccggtggt ggcggcaaga aggtgcccga aatcaacgec 300
gaccgcaagyg agtacctgeg gtatttggca ggactacgca cccgagtgac gtectceggece 360
acctctcagg tggegttett ctectaccac geaccgcate cecgaggatcet gttgtcegate 420
gteggcacee aacggcagtyg gtccecggecg gecaacgeceg acttctatge ggecacccega 480
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atcggtateg gtgaccagcce ggcggtggat cgattattga agecggceegt cggeggggag 540
ttggececgeeg ccagegcage acctcagecg ttectggage cggtcagtca tatgtgggtyg 600
gtcaagttte tacgaaccca tggattgatc catgactgcc cgaaactgct gcaactcegt 660
acctttccga ctatcgegat cggcggggac ttggeggggyg cagecggect gatgacggeg 720
atgatctgte acctagecegt gttccaccca ceggacctge tgcagatceg ggtgetcace 780
gaggaacceyg acgaccccga ctggtectgg ctcaaatgge ttecgcacgt acagcaccag 840
accgaaaccg atgcggecgg gtccaccegg ctgatcttea cgegecagga aggtetgteg 900
gacctggeeyg cgegegggee acacgcacce gattcegette ceggeggecc ctacgtagte 960
gtegtegace tgaccggegg caaggcetgga tteccgecceyg acggtaggge cggtgtcacyg 1020
gtgatcacgt tgggcaacca tcgcggctcg gectaccgca tcagggtgca cgaggatggg 1080
acggctgatg accggctceccece taaccaatcg tttegccagg tgacatcggt caccgatcegg 1140
atgtcgccege agcaagecag ccgtategeg cgaaagttgg ceggatggte catcacggge 1200
accatccteg acaagacgtce gecgggtecag aagaaggtgg ccaccgactyg gcaccagcetg 1260
gtcggtgege aaagtgtcga ggagataaca ccttcecceccget ggaggatgta caccgacacce 1320
gaccgtgacc ggctaaagat ccegtttggt catgaactaa agaccggcaa cgtcatgtac 1380
ctggacatca aagagggcgce ggaattegge gecggaccege acggcatget catcgggace 1440
acggggtctg ggaagtccga attcctgcecge accctgatcece tgtcecgetggt ggcaatgact 1500
catccagatc aggtgaatct cctgctcacc gacttcaaag gtggttcaac cttcecctggga 1560
atggaaaagc ttccgcacac tgccgetgte gtcaccaaca tggecgagga agccgagcete 1620
gtcagccgga tgggcgaggt gttgaccgga gaactcgatc ggcgccagtce gatcctecga 1680
caggccggga tgaaagtcgg cgcggecgga gecctgteeg gegtggecga atacgagaag 1740
taccgcgaac gcggtgccga cctaccecccg ctgccaacge ttttegtegt cgtcgacgag 1800
ttecgecgage tgttgcagag tcacccggac ttcatcggge tgttcgaccg gatctgccgce 1860
gtcgggeggt cgctgagggt ccatctgetg ctggctacee agtcgctgca gaccggeggt 1920
gttcgcateg acaaactgga gccaaacctg acatatcgaa tcgcattgcecg caccaccagce 1980
tctcatgaat ccaaggcggt aatcggcaca ccggaggcege agtacatcac caacaaggag 2040
agcggtgteg ggtttcteeg ggtcggcatg gaagacccegg tcaagttcag caccttctac 2100
atcagtgggce catacatgcc geccggeggea ggcgtcgaaa ccaatggtga agccggaggg 2160
cceggtcaac agaccactag acaagcecgeg cgcattcaca ggttcaccge ggcaccggtt 2220
ctcgaggagg cgccgacacce gtga 2244
<210> SEQ ID NO 14
<211> LENGTH: 1776
<212> TYPE: DNA
<213> ORGANISM: mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3871
<400> SEQUENCE: 14
atgactgctg aaccggaagt acggacgcetg cgegaggttyg tgctggacca gcteggcact 60
gctgaatcege gtgegtacaa gatgtggetg ccgcecgttga ccaatceggt cecgetcaac 120
gagctcateg ccegtgateg gcgacaacce ctgcgatttg cectggggat catggatgaa 180
cegegecgee atctacagga tgtgtgggge gtagacgttt ceggggcecegyg cggcaacate 240
ggtattgggyg gcgcacctca aaccgggaag tcgacgctac tgcagacgat ggtgatgteg 300
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geegecgeca cacactcace gcgcaacgtt cagttcetatt geatcgacct aggtggegge 360
gggctgatcet atctcgaaaa ccttccacac gteggtgggg tagccaatceg gtecgagecce 420
gacaaggtca accgggtggt cgcagagatg caagccgtca tgcggcaacg ggaaaccacce 480
ttcaaggaac accgagtggg ctcgateggg atgtaccgge agetgcegtga cgatccaagt 540
caaccegttyg cgtecgatce atacggegac gtetttetga tcatcgacgg atggeccggt 600
tttgteggeg agttecccga ccttgagggg caggttcaag atctggecge ccaggggcetyg 660
gegtteggeyg tcecacgtcat catctccacg ccacgetgga cagagctgaa gtegegtgtt 720
cgegactace tcggcaccaa gatcgagtte cggettggtyg acgtcaatga aacccagatce 780
gaccggatta cccgecgagat cccggegaat cgtcecgggte gggcagtgtce gatggaaaag 840
caccatctga tgatcggegt geccaggtte gacggegtge acagegcecga taacctggtg 900
gaggcgatca ccgegggggt gacgcagatc gettcecage acaccgaaca ggcacctecg 960
gtgcgggtee tgccggageg tatccacctg cacgaacteg acccgaaccce gecgggacca 1020
gagtccgact accgcactcg ctgggagatt ccgatcgget tgcgcgagac ggacctgacyg 1080
ccggctcecact geccacatgca cacgaacccg cacctactga tectteggtge ggccaaatcg 1140
ggcaagacga ccattgccca cgcgatcgeg cgcgcecattt gtgcccgaaa cagtccccag 1200
caggtgcggt tcatgctege ggactaccge tcgggcectge tggacgcggt gecggacacce 1260
catctgetgg gegecggege gatcaaccge aacagcegegt cgctagacga ggccgttcaa 1320
gcactggegy tcaacctgaa gaageggttg ccgccgacceg acctgacgac ggcegcageta 1380
cgctegegtt cgtggtggag cggatttgac gtegtgette tggtcgacga ttggcacatg 1440
atcgtgggtg ccgceggggg gatgcecgcecg atggcaccge tggccceccgtt attgecggeg 1500
gcggcagata tcgggttgca catcattgtce acctgtcaga tgagccaggce ttacaaggca 1560
accatggaca agttcgtegg cgccgcatte gggtcgggeg ctceccgacaat gttecttteg 1620
ggcgagaage aggaattccce atccagtgag ttcaaggtca ageggegecc cectggecag 1680
gcatttcteg tcectecgecaga cggcaaagag gtcatccagg ccccctacat cgagectceca 1740
gaagaagtgt tcgcagcacc cccaagcgcec ggttaa 1776
<210> SEQ ID NO 15
<211> LENGTH: 297
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: PE coding sequence (Rv3872)
<400> SEQUENCE: 15
atggaaaaaa tgtcacatga tccgatcget gecgacattyg gcacgcaagt gagcgacaac 60
getetgcacy gegtgacgge cggctcgacg gegcetgacgt cggtgaccegg getggttece 120
gegggggeeyg atgaggtcte cgcccaageg gcgacggegt tcacatcgga gggcatccaa 180
ttgctggett ccaatgcatc ggcccaagac cagctccace gtgegggcega agceggtcecag 240
gacgtcgeee gcacctatte gcaaatcgac gacggegecg ceggegtett cgecgaa 297

<210> SEQ ID NO 16
<211> LENGTH: 1104

<212> TYPE:

DNA

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: PPE coding sequence (Rv3873)

<400> SEQUENCE: 16
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atgctgtggce acgcaatgcc accggagcta aataccgcac ggctgatggce cggegegggt 60
cecggctcecaa tgettgegge ggeccegeggga tggcagacge ttteggegge tctggacget 120
caggccgteg agttgaccge gegectgaac tctctgggag aagcctggac tggaggtggce 180
agcgacaagg cgcttgcegge tgcaacgceg atggtggtct ggctacaaac cgcgtcaaca 240
caggccaaga cccgtgcegat gcaggcgacg gcgcaagcecg cggcatacac ccaggccatg 300
gccacgacge cgtegctgcee ggagatcgec geccaaccaca tcacccaggce cgtccttacg 360
gccaccaact tcttecggtat caacacgatc ccgatcgegt tgaccgagat ggattatttce 420
atccgtatgt ggaaccaggce agccctggca atggaggtct accaggecga gaccgeggtt 480
aacacgcttt tcgagaagct cgagccgatg gegtcegatcce ttgatcccgg cgcgagcecag 540
agcacgacga acccgatctt cggaatgccce tcccctggeca gctcaacacce ggttggecag 600
ttgcegeegg cggctaccca gaccctegge caactgggtg agatgagegg cccgatgeag 660
cagctgaccc agccgctgca gcaggtgacg tcegttgtteca gecaggtggg cggcaccggce 720
ggcggcaacce cagccgacga ggaagccgeg cagatgggece tgctcggecac cagtcegetg 780
tcgaaccatc cgetggetgg tggatcagge cccagegegg gegegggcect getgegegeg 840
gagtcgctac ctggegcagg tgggtcegttg acccgcacge cgctgatgte tcagetgatc 900
gaaaagccgg ttgccccecte ggtgatgeceg geggetgetg cecggatcegte ggecgacgggt 960

ggegecgete cggtgggtge gggagegatg ggccagggtyg cgcaatcegg cggcetccace 1020
aggcegggte tggtegegece ggcaccgete gegcaggage gtgaagaaga cgacgaggac 1080
gactgggacg aagaggacga ctgg 1104
<210> SEQ ID NO 17

<211> LENGTH: 300

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: CFP-10 coding sequence (Rv3874)

<400> SEQUENCE: 17

atggcagaga tgaagaccga tgccgctacce ctegegcagg aggcaggtaa tttegagcegg 60
atctececggeg acctgaaaac ccagatcgac caggtggagt cgacggcagyg ttcegttgcag 120
ggecagtgge geggegegge ggggacggece geccaggeceg cggtggtgeg cttecaagaa 180
gcagccaata agcagaagca ggaactcgac gagatctcga cgaatattcg tcaggccgge 240
gteccaatact cgagggccga cgaggagcag cagcaggcege tgtcctegea aatgggette 300
<210> SEQ ID NO 18

<211> LENGTH: 285

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: ESAT-6 coding sequence (Rv3875

<400> SEQUENCE: 18

atgacagagc agcagtggaa tttcgegggt atcgaggecg cggcaagcege aatccaggga 60
aatgtcacgt ccattcattc cctccttgac gaggggaage agtccctgac caagctcgca 120
geggectggyg geggtagegyg ttceggaggeg taccagggtyg tcecagcaaaa atgggacgec 180
acggctaccg agctgaacaa cgcgctgcag aacctggege ggacgatcag cgaagecggt 240

caggcaatgg cttcgaccga aggcaacgtc actgggatgt tcgca 285
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<210> SEQ ID NO 19
<211> LENGTH: 2001
<212> TYPE: DNA
<213> ORGANISM: mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3876
<400> SEQUENCE: 19
atggcggeceg actacgacaa getcttecgg cegcacgaag gtatggaage tccggacgat 60
atggcagcge agccegttett cgaccccagt gettegttte cgecggegece cgcatcggea 120
aacctaccga agcccaacgg ccagactceg cecccgacgt cegacgacct gtcggagegg 180
ttegtgtegg cccegecgee gecaccecca cecccaccte cgectecgece aactcecgatg 240
ccgategeeg caggagagcce gecctegecg gaaccggecyg catctaaacce acccacacce 300
cccatgecca tcogecggace cgaaccggec ccacccaaac cacccacacce ccccatgece 360
atcgecggac ccgaaccggce cccacccaaa ccacccacac ctecgatgece catcgecgga 420
cctgecaccca ccccaaccga atcccagttg gegeccceca gaccaccgac accacaaacg 480
ccaaccggag cgccgcagca accggaatca ceggegeccee acgtacccte gcacgggcca 540
catcaaccce ggcgcaccge accagcacceg cectgggcaa agatgccaat cggcgaacce 600
cegecegete cgtecagace gtetgegtee ceggecgaac caccgacceyg gcectgeccce 660
caacactcce gacgtgegeg ccggggtcac cgetatcgea cagacaccga acgaaacgte 720
gggaaggtag caactggtce atccatccag gegeggetge gggcagagga agcatccgge 780
gegeageteg ccececggaac ggageccteg ccagegecgt tgggccaacce gagatcgtat 840
ctggeteege ccaccegece cgcgcecgaca gaaccteeee ccagecccte gcecgecagcege 900
aactcecggte ggcegtgecga gecgacgegte caccccgatt tagecgcecca acatgecgeg 960
gegcaacctyg attcaattac ggccgcaacce actggeggte gtegecgcaa gegtgcageg 1020
ccggatceteg acgcgacaca gaaatcctta aggecggegyg ccaaggggece gaaggtgaag 1080
aaggtgaagc cccagaaacc gaaggccacg aagcecgccca aagtggtgte gcagegegge 1140
tggcgacatt gggtgcatgc gttgacgcga atcaacctgg gectgtcacce cgacgagaag 1200
tacgagctgg acctgcacgce tcgagtceccge cgcaatccecce gegggtcecgta tcagatcgece 1260
gtcgteggte tcaaaggtgg ggctggcaaa accacgctga cagcagcgtt ggggtcgacy 1320
ttggctcagg tgcgggecga ccggatectg getctagacyg cggatccagyg cgccggaaac 1380
ctcgecgate gggtagggceg acaatcgggce gcgaccatcg ctgatgtget tgcagaaaaa 1440
gagctgtcege actacaacga catccgcegca cacactageg tcaatgeggt caatctggaa 1500
gtgctgeegyg caccggaata cagcetcecggeg cagcegegege tcagcgacge cgactggeat 1560
ttcatcgeecg atcctgcecgte gaggttttac aacctcecgtet tggctgattg tggggcecggce 1620
ttettecgace cgctgacceg cggcgtgcetg tcecacggtgt ceggtgtcegt ggtegtggcea 1680
agtgtctcaa tcgacggcegce acaacaggcg tcggtcgegt tggactggtt gegcaacaac 1740
ggttaccaag atttggcgag ccgcgcatgce gtggtcatca atcacatcat gccgggagaa 1800
cccaatgtecg cagttaaaga cctggtgcgg catttcgaac agcaagttca acccggccgg 1860
gtcgtggtceca tgccgtggga caggcacatt gcggccggaa ccgagatttce actcgacttg 1920
ctcgacccta tctacaageg caaggtecte gaattggecg cagcgctatce cgacgattte 1980
gagagggctg gacgtcgttg a 2001

<210> SEQ ID NO 20
<211> LENGTH: 1536
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<212> TYPE: DNA

<213> ORGANISM: mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: DNA sequence Rv3877

<400> SEQUENCE: 20

ttgagcgcac ctgctgttge tgetggtect accgeegegg gggcaaccgce
gecaccacce gggtgacgat cctgaccgge agacggatga ccgatttggt
geggtgecga tggaaactta tattgacgac accgtegegg tgetttecga
gacacgccegg ctgatgtact cggeggette gactttaceg cgcaaggegt
getegteceg gatcgeegee getgaagete gaccagtcac tcgatgacge
gacgggtcac tgctgactct ggtgtcagte agtcgcaceg agegetaceg
gaggatgtca tcgacgcgat cgcegtgett gacgagtcac ctgagttega
ttgaatcget ttgtggggge ggegatcceg cttttgaceg cgcccegtceat
atgcgggegt ggtgggaaac tgggegtage ttgtggtgge cgttggegat
gggatcgetyg tgctggtagg cagettegte gegaacaggt tctaccagag
gecgagtgee tactggtcac gacgtatetg ctgatcgcaa cegecgeage
cegttgeege geggggtcaa ctegttgggg gegecacaag ttgcceggege
gtgctgtttt tgaccttgat gacgcgggge ggccctegga agegtcatga
tttgcegtga tcaccgetat cgeggtecate geggecgecg ctgccttegg
caggactggg tcccegeggg ggggategea ttegggetgt tcattgtgac
aagctgacceg tcgeggtege geggategeg ctgecgecga tteeggtace
gtggacaacg aggagttgct cgatccegte gegacccegg aggctaccag
ccgacctgge aggccatcat cgegteggtg ceegegtecg cggtecegget
agcaaactgg ccaagcaact tctgategga tacgtcacgt cgggcaccct
gecggtgeca tegeggtegt ggtgegeggg cacttetttyg tacacagect
ggtttgatca cgaccgtctg cggatttege tegeggettt acgecgageg
tgggcegttge tggcggegac ggtegegatt cegacgggte tgacggccaa
tggtaccege actatgectg getgttgttg agegtctace tcacggtage
ctegtggtgg tegggtegat ggetcacgte cggegegttt caccggtegt
ctggaattga tcgacggege catgateget gecatcatte ccatgetget
ggggtgtacyg acacggtceg caatatccgyg ttctga

<210> SEQ ID NO 21

<211> LENGTH: 840

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: DNA sequence Rv3878

<400> SEQUENCE: 21

atggctgaac cgttggeegt cgatcccace ggettgageg cageggecgce
ggcectegttt ttecgcagee tecggegeeg atcgeggtea geggaacgga
gcagcaatca acgagaccat gccaagcatce gaatcgetgg tcagtgacgg
gtgaaagceg ccctgacteg aacagcatcce aacatgaacg cggeggegga

aagaccgatce agtcactggg aaccagtttg agccagtatg cattceggete

ggcctggetyg gegtegecte ggteggtggt cagccaagte aggctaccca

tgcgeggect
actgccageg
ggtgttggaa
gtgggegtte
cggggtggte
accgttggte
ccgcacggea
cgggatggcg
tggcatccty
cggecaccty
getggecgtyg
cgctacggece
gttggegteg
ctatggatac
gaatgcggece
cggcgaaace
cgaagaaacc
caccgagege
gattctggcet
ggtggtcgeg
ctggtgtgeyg
actcatcatc
cctggttgeyg
aaaacgaact

gtggatcacc

gaaattggce

ttcggtggta

getgecegge

cgtctatgeg

gtcgggcgaa

getgetgage

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1536

60

120

180

240

300

360
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acacccegtgt cacaggtcac gacccagete ggegagacgg cegetgaget ggcaccceegt 420
gttgttgega cggtgccgeca actegttcag ctggetccege acgecgttca gatgtegeaa 480
aacgcatcce ccatcgetca gacgatcagt caaaccgecce aacaggecege ccagagegeg 540
cagggcggca gcggeccaat geccgcacag cttgecageg ctgaaaaace ggccaccgag 600
caagcggage cggtccacga agtgacaaac gacgatcagg gegaccaggg cgacgtgcag 660
ceggecgagyg tegttgecge ggcacgtgac gaaggegeeg gegeatcace gggccageag 720
ceeggegggy gegttecege geaagecatg gataccggag ceggtgecceg cccageggeg 780
agtccgetgyg cggecccegt cgatcegteg actceggeac cctcaacaac cacaacgttg 840
<210> SEQ ID NO 22
<211> LENGTH: 2187
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence Rv3879c
<400> SEQUENCE: 22
atgagtatta ccaggccgac gggcagctat gecagacaga tgctggatce gggeggetgg 60
gtggaagceg atgaagacac tttctatgac cgggcccagg aatatageca ggttttgeaa 120
agggtcaccyg atgtattgga cacctgecge cagcagaaag gecacgtett cgaaggegge 180
ctatggteeg geggegecge caatgetgece aacggegecce tgggtgcaaa catcaatcaa 240
ttgatgacge tgcaggatta tctegecacg gtgattacet ggcacaggca tattgecggg 300
ttgattgagce aagctaaatc cgatatcgge aataatgtgg atggegetca acgggagatce 360
gatatcctgg agaatgaccce tagectggat gectgatgage gecataccge catcaattca 420
ttggtcacgg cgacgcatgg ggccaatgte agtectggteg cegagacege tgagegggtg 480
ctggaatcca agaattggaa acctccgaag aacgcacteg aggatttget tcagcagaag 540
tcgecgecac ccccagacgt gectaccetg gtegtgecat cecegggeac accgggcaca 600
ccgggaacce cgatcaccee gggaacceceg atcacceegg gaacccecaat cacacccate 660
cegggagege cggtaactece gatcacacca acgeccggea ctcecgtecac gecggtgace 720
cegggcaage cggtcaccee ggtgacceeg gtcaaaccgg gecacaccagg cgagccaacce 780
ccgatcacge cggtcaccee cecggtegee ccggecacac cggcaaccece ggccacgecce 840
gttaccccag ctecegetee acaccegcayg ceggeteegg caccggegeco ategectggg 900
cceccageagyg ttacaccgge cactceeggt cegtetggte cagcaacace gggcaccceca 960

gggggcgage cggcgccgca cgtcaaacce geggegttgg cggagcaacce tggtgtgeeg 1020
ggccagcatyg cgggeggggg gacgcagteg gggectgece atgeggacga atccgecgeg 1080
tcggtgacge cggetgegge gteeggtgte cegggegeac gggeggegge cgecgegecg 1140
agcggtacceyg ccgtgggage gggegegegt tegagegtgg gtacggeege ggecteggge 1200
geggggtege atgcetgecac tgggegggeyg cceggtggeta ccteggacaa ggeggeggea 1260
ccgagcacge gggeggecte ggegeggacg gcacctectg cecgeecgee gtcegaccgat 1320
cacatcgaca aacccgatcg cagcgagtct gcagatgacg gtacgccggt gtcgatgatce 1380
ceggtgtegyg cggeteggge ggcacgegac gecgecactg cagetgecag cgeccgecag 1440
cgtggecgeg gtgatgeget geggttggeg cgacgcateg cggeggeget caacgegtece 1500
gacaacaacg cgggcgacta cgggttcttc tggatcaccg cggtgaccac cgacggttcece 1560

atcgtegtgg ccaacagcta tgggctggce tacatacccg acgggatgga attgccgaat 1620
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aaggtgtact tggccagege ggatcacgca atcceggttyg acgaaattge

acctaccegg ttttggeegt geaagectgg geggetttece acgacatgac

gtgatcggta ccgcggagca gttggecagt teggatcceg gtgtggecaa

gagccagatg acattccgga gagceggcaaa atgacgggece ggtegegget

gaccectegyg cggeggcetca getggecgac actaccgate agegtttget

cegeeggege cggtggatgt caatccaceg ggegatgage ggcacatget

ctgatgaage ccatgaccag caccgctace ggecgegagg cegcetcatcet

cgggectacg ctgcccacte acaggagatt gecctgcace aagcegcacac

geggeegtee agegtgtgge cgtegeggac tggetgtact ggcaatacgt

ctcgaceggyg ccctggecge cgcatge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 23

LENGTH: 345

TYPE: DNA

ORGANISM: Mycobacterium tuberculosis
FEATURE:

OTHER INFORMATION: DNA seguence Rv3880c

SEQUENCE: 23

gtgagcatgg acgaattgga cccgcatgte gecegggegt tgacgetgge

cagtcggece tagacgggac gctcaatcag atgaacaacg gatcctteeg

gaagccgaga ccgtcgaagt gacgatcaat gggcaccagt ggctcaccgg

gaagatggtt tgctgaagaa gctgggtgee gaggceggtgg ctecagegggt

ctgcacaatyg cgcaggecge ggegteegeg tataacgacg cggegggcega

getgegttat cggccatgte cegegegatyg aacgaaggaa tggec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 24
LENGTH: 1380

TYPE: DNA

ORGANISM: Mycobacterium tuberculosis
FEATURE:

OTHER INFORMATION: DNA seguence Rv388lc

SEQUENCE: 24

atgacgcagt cgcagaccgt gacggtggat cagcaagaga ttttgaacag

gtggaggccee cgatggegga cccaccgact gatgtcccca tcacacegtg

geggctaaaa acgccgecca acagctggta ttgtecgeeg acaacatgeg

geggeeggty ccaaagageg gcagcegtetg gegacctege tgegcaacge

tatggcgagg ttgatgagga ggctgegace gegetggaca acgacggcega

caggcagaat cggcegggge cgteggaggg gacagttegg ccgaactaac

agggtggcca cggccggtga acccaactte atggatctca aagaagceggce

gaaacgggcg accaaggcgce atcgctegeg cactttgegg atgggtggaa

ctgacgctge aaggcgacgt caageggtte cgggggtttg acaactggga

getaccgett gegaggette getcegatcaa caacggcaat ggatactcca

ttgagcegetyg cgatggecaa gcaggctcaa tatgtegege agetgcacgt

cgggaacatce cgacttatga agacatagte gggctcgaac ggctttacge

tcggecegeg accaaattet cceggtgtac geggagtatce agcagaggte

ctgaccgaat acaacaacaa ggcagccctg gaaccggtaa acccgcecgaa

acgctgtgece
gctgegggeg
gattgtgcetg
ggaggtegte
cgacttgttg
gtggttegag
gcgggegtte
tgcgactgac

caccgggtty

ggcgeggttt
cgccaccgac
cctgegeate
caacgaggcg

gcagctgace

ggccaacgag
cgaactcacyg
ggaatacctg
ggccaaggceg
aggaactgtyg
cgatacgeceg
aaggaagctce
cactttcaac
aggcgatgeg
catggccaaa
gtgggcetagg
ggaaaaccct
ggagaaggtg

gecteccece

1680

1740

1800

1860

1920

1980

2040

2100

2160

2187

60

120

180

240

300

345

60

120

180

240

300

360

420

480

540

600

660

720

780

840



US 8,747,866 B2
109 110

-continued
gccatcaaga tcgacccegcece cecgectceg caagagcagg gattgatccc tggettectg 900
atgcecgeegt ctgacggcte cggtgtgact ccecggtaceg ggatgccage cgcaccgatg 960

gttcegecta ccggategee gggtggtgge ctecceggetg acacggegge gcagetgacyg 1020
teggetggge gggaagecge agegetgteg ggegacgtgg cggtcaaage ggcatcegete 1080
ggtggceggtg gaggcggegg ggtgecgteg gegeegttgg gatccgcegat cgggggegece 1140
gaatcggtge ggccegetgg cgctggtgac attgecgget taggecaggyg aagggecgge 1200
ggeggegeceyg cgetgggegyg cggtggcatyg ggaatgcecga tgggtgecege geatcaggga 1260
caagggggcyg ccaagtccaa gggttcetecag caggaagacg aggegetcta caccgaggat 1320
cgggcatgga ccgaggecgt cattggtaac cgteggegece aggacagtaa ggagtcgaag 1380
<210> SEQ ID NO 25

<211> LENGTH: 1386

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: DNA sequence Rv3882c

<400> SEQUENCE: 25

atgagaaatc ctttagggct geggttcage accgggeacg cettgettge cteegegttg 60
geccegecat gcatcatcge attcettggag acgcgctact ggtgggeggyg gattgegetg 120
gectegttgg gegtcategt ggccacggte actttctacg gecgecggat caccggetgg 180

gtggcggegyg tgtacgegtg gttgeggegyg cgcecgacgge ceccggatte ctegtcagaa 240

cctgtggteg gggccacegt gaagccagga gatcacgttg cggtgegetyg gcaaggcegag 300

tttetggteg ccgtaatcga getcattece cgaccattea cgeecgacggt catcgtcegac 360
gggcaagcecee acaccgacga catgctggac accggactgg tggaggaget cctgteggtg 420
cactgtcceg acttggagge cgatategte tcagecgget accgegtegg caataccgca 480
gegecggacyg tggtgagtet gtatcagcag gtgatcggga cagacccgge gocggegaac 540
cgeeggacct ggategtget gegegecgac ccggaacgea cecgcaaate ggegcagege 600
cgcgatgaag gegtegeagg actggecegg tatttggtgg cgtecgegac gegeattgece 660
gatcgactgg ctagccatgg tgtcgacgeyg gtgtgtggee gcagettega tgactacgac 720
cacgccaccg acatcggett tgtgegggag aaatggtega tgatcaaggg gegegatgece 780
tacactgceg cctacgegge geccggaggt ccggatgtat ggtggtegge gegegeggac 840
cacaccatca ccagagtceg ggtegegeceg gggatggece cgcagtccac ggtgttgetg 900
accacggegyg acaagcccaa gacacccagg ggettegece gectatttgg cgggcagegg 960

ccegegetge aaggecagcea tetggtggee aaccgecact gecagetgee gatcgggtca 1020

gctggggtac tggtcggcga gacggtgaac cgatgcccgg tcectacatgece cttcecgacgat 1080

gtcgacatcg ccctcaacct gggtgacgcet cagacattca cccagttegt ggtgegtgeg 1140

gcggeggeag gtgcgatggt cacagtceggg ccacagtteg aggaatttgce ccggttgatce 1200

ggcgcacaca tcgggcagga ggtaaaggtyg gegtggcecga atgcgacgac ctatctegge 1260

ccgcatceceg gtattgaccg ggtgattctg cggcacaatg tgatcggtac cccgeggeat 1320

cggcagetge cgattegeeg ggtttoceca cccgaggaaa gecgctacca gatggegetg 1380

ccgaag 1386

<210> SEQ ID NO 26
<211> LENGTH: 1338
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<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: DNA sequence Rv3883c

<400> SEQUENCE: 26

gtgcaccgta tctttctgat cacggtggeyg ctggegttge tcaccgegte geccgeateg
gecatcacge caccgccgat cgatceggge gegttgeege ccgacgtgac gggeccggat
cagcctacceg aacagegegt tttgtgegeg tegeccacca cgetgecggg gteegggtte
cacgatcege cgtggagcaa cacgtatetg ggegtggeeg atgeccacaa gttegegace
ggggcegggy tgacggtgge ggtgatcgac accggtgteg acgcttegeco acgggteceg
geggaacctyg geggegattt cgtcegaccag geceggtaacg gectgtetga ctgtgatgec
catgggactce tcacagcate catcategeg ggecggeceg cgcccaccega cgggttegte
ggegtegege ccgacgeteg actgetceteg ctacgtcaga cgtctgagge cttegaaceg
gtcggetcac aagccaacce gaatgacccce aacgccaccce cggecgecgyg ttecateege
agtcttgece gegeegtggt geacgecgee aaccteggeg tgggtgtgat caacatcagt
gaagccegect gctacaaggt gagcaggccyg atcgatgaaa cctcactggyg tgecatccatc
gactatgcegg tcaacgtcaa aggcegtggtyg gtggtggteg cggecggcaa caccggtgge
gattgegtac agaatcegge gecggaccceyg tccacacceg gcegacccacyg cggctggaac
aatgtgcaga ccgttgtcac ceeggegtgg tacgecaccge tggtgttaag cgteggeggt
atcggccaga ccgggatgece cagctegtte tegatgecacg gacegtgggt ggacgtggece
gegecegeag aaaacatcgt cgegetegge gacaccggtg aaccggtgaa tgegetgeaa
ggcegggagyg ggccggtace catcgecgge acctegtttg cegeggecata tgtgtegggt
ctggeggece tgctteggea geggttecce gacctgacge cggegeagat catccaccegg
atcaccgeca ccgcgagaca ceceggggge ggggtegacg acctggtegg cgecggegte
atcgatgegyg tggcegeget gacgtgggac attcegeceg gecctgette ggegecatac
aacgtcagac gacttccace ceecggtggtyg gageegggte cegategteg cccgattacg
getgtggegt tggtggecegt cggecttacyg ttggecctgg gectgggege getggetaga
cgggegetga gecgecga

<210> SEQ ID NO 27

<211> LENGTH: 1857

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: DNA sequence Rv3884c

<400> SEQUENCE: 27

atgtcgagaa tggtggacac gatgggtgat ttactcactg cgegeceggea tttegategg
gegatgacga tcaagaatgg ccagggatge gtggeggegt tgectgagtt tgtggetgec
accgaggeceg atccgtegat ggecgacgeg tggetgggte gtatcgectyg cggtgaccege
gatctggect cgcttaagca getcaacgece catagcgagt ggetgcacceyg cgagaccacyg
cggateggee ggacgttgge cgectgaggte cagetgggac catccategg gatcacggtg
accgacgcat ctcaggtggg getggegetyg tegteggegt tgacgatege gggggagtat
gecgaaggecg atgcectgtt agcaaaccge gagctattgg attegtggeg caactaccag
tggcatcage tggcteggge gttectgatg tacgtcacge agegatggee cgacgtgttg

tcgacggeeg ccgaggatct gecgecacag gegatcgtea tgeceggeggt gaccgegteg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1338

60

120

180

240

300

360

420

480

540
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atttgtgege tggcagecca cgecgecgece catcteggge aggggegagt ggecctggac 600
tggctggace gggtggacgt gatcggacac agcaggtcat cggageggtt cggegecgac 660
gtgctcaceyg cggcgatcgg accggecgat attcegetge tggtegecga cttggegtat 720

gtgcggggga tggtgtacceg gcaactgcat gaggaggaca aggcccagat ctggetgteg 780

aaggccacca tcaacggggt getcaccgac gecgecaaag aagecctgge ggacccgaac 840
ctgcegettga ttgttaccga tgaacgaacce atcgecagec getecgacceg ttgggatget 900
tcgacggega aaagccgega ccagetcegat gacgacaatg cagegeageg gegeggcegag 960

ctgctageeg agggecggga actgctggece aaacaggtgg gectggegge ggtcaagcaa 1020
geggtategy cgectggaaga ccaactcgag gtgcgeatga tgcgcectaga gcacggecta 1080
cecggtggagg ggcagaccaa ccacatgttg ctggtgggge caccaggcac aggtaagaca 1140
accaccgetyg aagcgetegg caagatctac gecggcatgg ggategtgeg tcaccccgaa 1200
attcgagaag ttcgccgatc ggacttectgt gggcactaca tcggggagtce aggacccaag 1260
acgaacgagc tgatcgaaaa gtcactcggg cgaatcattt tcatggacga gttctactcg 1320
ctgatcgaac gtcatcaaga cggaacaccg gacatgateg gcatggaggce ggtcaatcaa 1380
ctcctggtte aattggaaac acaccgattc gacttctgtt tcatcggggce cggctatgag 1440
gatcaggtgg atgaattcct caccgtgaac ccgggtttgg ctggcecceggtt caaccgaaag 1500
ctgcggtteg agtcttatte gecggtggag atcgtcgaga ttggacaccg ctacgctaca 1560
cegegegeca gecagetega tgacgecgea cgggaggtat tectegacge ggtcaccace 1620
atccgtaact acaccacccece tagtgggcag cacggtatcg acgctatgca aaacggtcgg 1680
ttegeccgea acgtgatcga acgcgecgaa gggttcecggyg acacccegggt ggttgegcaa 1740
aaacgtgcgg gccaaccggt atcggttcag gatctgcaga tcatcaccge caccgacatce 1800
gatgccgega tacgcagcegt gtgctcagac aaccgagaca tggccgcgat cgtttgg 1857
<210> SEQ ID NO 28

<211> LENGTH: 1611

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: DNA sequence Rv3885c

<400> SEQUENCE: 28

ttgacgtcca agctgaccgg gttcageceg cgcagtgega ggegggtege cggggtgtgg 60
acagtgtteg tgctegegte ggegggetgg gegetgggeyg gecagcetagyg tgcggtcatg 120
getgtegtygyg teggegtege cttggtgtte gtacagtggt ggggtcagece ggegtggteg 180

tgggcggtac tggggetgeg gggteggegt ccegtcaaat ggaatgacce aattaccttg 240

gccaacaace gatceggggg tggegteege gtgcaagacg gtgtegeggt ggtggeggtyg 300

caacttcteg geccgagegea cegggegact acggtcaceg ggteggtgac cgtagaaage 360
gacaacgtga ttgacgtcgt tgagctcgeg cegttgetge gecacccget ggacctggaa 420
ctcgattcaa tcagegtegt caccttegge tegegaaceg geaccgtegg cgattacceg 480

cgggtgtatyg acgcggagat cggtacgecg cegtatgeeg ggeggegega aacgtggetg 540

atcatgcgge ttccggtgat cggcaacace caagetttac getggegtac cagegttggg 600
gecgetgeca ttteggtege ccaacgegtt gecagetceee tgegetgtea gggettgege 660
gccaaactgg ccaccgcaac agacttgget gagettgate geeggetggyg gteggacgeg 720

gtagceggga gtgcgcageg ctggaaaget atccgeggtg aagecgggtyg gatgacgacyg 780
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tatgegtacc cggctgaggce gatttcgteg cgggttectet cgcaagectyg gacgetgegt 840
gccgatgagg tcatccagaa cgtaacggtg tatccggacg cgacgtgcac cgcgaccatc 900
accgtgcegea caccgacgcce ggcgcectacce ccgcccagtg tgatcttgeg tcggetcaat 960

ggtgagcaag ccgecgegge tgcggecaac atgtgeggge cacgtcecaca cctacgcegga 1020
cagcggcegcet geccegttgece ggcgcagcta gtcaccgaga tcggaccgte gggggtgttg 1080
attggcaagc tgagcaacgg ggaccggctg atgattcccg ttaccgacge cggtgagetg 1140
tcgegegtet tegtggcege ggacgacacg atcgccaaga ggatcgtgat tegegtegte 1200
ggtgccggtyg agegggtgtg tgtgcacact cgcgaccaag agcegttgggce cagcgtacgce 1260
atgccgcagt tgagcatcgt cggcacacca cggeccgege cgegcaccac tgteggegte 1320
gtggagtacyg tgcggcggeg caagaacggce gatgacggca aatctgaagg cageggtgte 1380
gatgtcgega tttecgecccac gccacggcca gccagtgtceca tcaccattgce ccgacceggt 1440
acctcgetgt ccgagagcga teggcatgge ttcgaggtga ccatcgaaca aatcgatcegg 1500
gcaacggtga aagtcggtgc ggcaggacaa aactggctgg ttgagatgga aatgttcegt 1560
gcggagaacc gctatgtcag ccttgagcecg gtcacgatgt cgataggccg g 1611
<210> SEQ ID NO 29

<211> LENGTH: 620

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: CFP-10 + ESAT-6

<400> SEQUENCE: 29

atggcagaga tgaagaccga tgccgctacce ctegegcagg aggcaggtaa tttegagcegg 60

atctceggeg acctgaaaac ccagatcgac caggtggagt cgacggcagg ttegttgcag 120

ggccagtgge geggegegge ggggacggeco geccaggeoeg cggtggtgeyg cttecaagaa 180

gcagccaata agcagaagca ggaactcgac gagatctcga cgaatatteg tcaggeegge 240
gtccaatact cgagggccga cgaggagcag cagcaggcege tgtcctegea aatgggette 300
tgacccgeta atacgaaaag aaacggagca aaaacatgac agagcagcag tggaattteg 360
cgggtatcega ggccgeggea agcgcaatce agggaaatgt cacgtecatt cattccctece 420

ttgacgaggg gaagcagtcce ctgaccaage tcgcagegge ctggggeggt ageggttegg 480

aggcgtacca gggtgtccag caaaaatggg acgccacgge taccgagcetyg aacaacgcgce 540
tgcagaacct ggcgeggacg atcagcgaag ceggtcagge aatggctteg accgaaggca 600
acgtcactgg gatgttcgca 620

<210> SEQ ID NO 30

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer
SP6-BACL

<400> SEQUENCE: 30

agttagctca ctcattaggce a 21

<210> SEQ ID NO 31

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Description of Artificial Sequence:

T7-BAC1
<400> SEQUENCE: 31

ggatgtgetyg caaggcgatt a

<210> SEQ ID NO 32

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

esat-6F
<400> SEQUENCE: 32

gtcacgtcca ttcattcect

<210> SEQ ID NO 33

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

esat-6R
<400> SEQUENCE: 33

atcccagtga cgttgectt

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

RD1mic flanking region F
<400> SEQUENCE: 34

gcagtgcaaa ggtgcagata

<210> SEQ ID NO 35

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

RD1mic flanking region R
<400> SEQUENCE: 35

gattgagaca cttgccacga

<210> SEQ ID NO 36

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

plcA.int.F
<400> SEQUENCE: 36

caagttgggt ctggtcgaat

<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

plcA.int.R

Primer

Primer

Primer

Primer

Primer

Primer

Primer

21

20

19

20

20

20
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<400> SEQUENCE: 37

gctacccaag gtcetectggt

<210> SEQ ID NO 38

<211> LENGTH: 153

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: Sequences at the junction RD1mic

<400> SEQUENCE: 38

20

caagacgagg ttgtaaaacc tcgacgcagg atcggegatg aaatgecagt cggegteget 60

gagcgegege tgegecgagt cccattttgt cgetgatttg tttgaacage gacgaaccgg 120

tgttgaaaat gtcgectggg teggggatte cct

<210> SEQ ID NO 39

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

RD5mic flanking region F
<400> SEQUENCE: 39

gaatgccgac gtcatatcg

<210> SEQ ID NO 40

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

RD5mic flanking region R
<400> SEQUENCE: 40

cggccactga gttcgattat

<210> SEQ ID NO 41

<211> LENGTH: 152

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: Sequence at the junction RD5mic

<400> SEQUENCE: 41

153

Primer

19

Primer

20

cctegatgaa ccacctgaca tgaccccate ctttecaaga actggagtcet ccggacatge 60

cggggeggtt cactgeccca ggtgtectgg gtegtteegt tgaccgtega gtecgaacat 120

cegtcattee cggtggecagt cggtgeggtyg ac

<210> SEQ ID NO 42

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

flanking region F
<400> SEQUENCE: 42
cagccaacac caagtagacg
<210> SEQ ID NO 43

<211> LENGTH: 20
<212> TYPE: DNA

152

Primer MiD1

20
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<213>
<220>
<223>

<400>

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

flanking region R

SEQUENCE: 43

tctacctgeca gtegettgtyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44

LENGTH: 123

TYPE: DNA

ORGANISM: Mycobacterium tuberculosis

FEATURE:

OTHER INFORMATION: Sequence at the junction MiD1

SEQUENCE: 44

Primer MiD1

20

cacctgacat gaccccatce tttecaagaa ctggagtcte cggacatgee ggggeggtte 60

agggacattc atgtccatct tctggcagat cagcagateg cttgttctca gtgcaggtga 120

gte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

flanking region R

SEQUENCE: 45

gtccatcgag gatgtcgagt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 46

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

flanking region L

SEQUENCE: 46

ctaggccatt cecgttgtetg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 47

LENGTH: 151

TYPE: DNA

ORGANISM: Mycobacterium tuberculosis

FEATURE:

OTHER INFORMATION: Sequence at the junction MiD2

SEQUENCE: 47

123

Primer MiD2

20

Primer MiD2

20

getgectact acgctcaacg ccagagacca gccgecgget gaggtctcag atcagagagt 60

ctceggacte accggggegg ttcataaagg cttegagace ggacgggetyg taggttecte 120

aactgtgtgg cggatggtct gagcacttaa ¢

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 48

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

flanking region R

SEQUENCE: 48

ggcgacgeca tttee

151

Primer MiD3

15
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<210> SEQ ID NO 49

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer MiD3

flanking region L
<400> SEQUENCE: 49

aactgtcggyg cttgetett

<210> SEQ ID NO 50

<211> LENGTH: 181

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: Sequence at the junction MiD3

<400> SEQUENCE: 50
tggcegecgge accteegttyg ccaccgttge cgecgetggt gggegeggtyg cegttegece
cggecgaace gttcagggece gggttegece tcagecgcta aacacgccga ccaagatcaa

cgagctacct gecccggtcaa ggttgaagag cccccatatce agcaagggece cggtgtegge

g

<210> SEQ ID NO 51

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: RV3861 - hypothetical protein

<400> SEQUENCE: 51

Val Thr Trp Leu Ala Asp Pro Val Gly Asn Ser Arg Ile Ala Arg Ala
1 5 10 15

Gln Ala Cys Lys Thr Ser Ile Ser Ala Pro Ile Val Glu Ser Trp Arg
20 25 30

Ala Gln Arg Gly Ala Gln Cys Gly Gln Arg Glu Lys Ser Cys Arg Cys
35 40 45

Ser Arg Ala Val His Ile Gln Gly Ile Ser Pro Pro Leu Phe Arg Arg
50 55 60

Pro Leu Glu Pro Ala Val Gln Ala Ala Val Ala Ser Cys Arg Leu Gly
65 70 75 80

Arg His Pro Val Val Ala His Arg Val Thr Val Ala Leu Gly Gln Gly
85 90 95

Ser Gln Leu Ala Gln Arg Glu Cys Pro Arg Pro Ala
100 105

<210> SEQ ID NO 52

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: WHIB6 - Possible transcriptional regulatory
protein WHIB-like WHIB6

<400> SEQUENCE: 52

Met Arg Tyr Ala Phe Ala Ala Glu Ala Thr Thr Cys Asn Ala Phe Trp
1 5 10 15

Arg Asn Val Asp Met Thr Val Thr Ala Leu Tyr Glu Val Pro Leu Gly
20 25 30

Val Cys Thr Gln Asp Pro Asp Arg Trp Thr Thr Thr Pro Asp Asp Glu

19

60

120

180

181
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Ala

Asp

65

Ile

Ser

Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Lys

50

Ala

Pro

Leu

Gln

35

Thr

Val

Glu

Ala

Ser
115

Met Ala Gly

1

Asn

Ala

Arg

Ile

65

Asp

Gly

Arg

Arg

Asp

145

Pro

Leu

Gly

Thr

Ala

225

Ala

Gln

Leu

Lys

Pro

Arg

50

Asp

Gly

Gly

Phe

Pro

130

Leu

Gly

Asp

Ala

Arg

210

Arg

Ser

Ala

Pro

Gly

Leu

35

Gly

Asp

Arg

Arg

Gly

115

Ser

Ser

Val

Ile

Leu

195

Ala

Ile

Pro

Val

Ala
275

Leu

Glu

Ser

Glu

100

Ala

PRT

SEQUENCE :

Glu

Ser

20

Val

Val

Ser

Trp

Arg

100

Asp

Asp

Asp

Val

Ser

180

Ile

Lys

Arg

Gly

Thr

260

Thr

Cys

Ser

Gly

85

Arg

SEQ ID NO 53
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis
FEATURE:
OTHER INFORMATION: Rv3863 - hypothetical alanine rich

392

53

Arg

5

Thr

Ala

Ala

Arg

Arg

Gly

Pro

Ser

Asp

Arg

165

Gln

Ala

Leu

Arg

Leu

245

Ala

Glu

Arg
Ala
70

Arg

Asn

Lys

Gln

Cys

Ile

Ile

70

Ile

Ser

Pro

Ala

Pro

150

Ala

Arg

Phe

Glu

Gly

230

Arg

Ala

Asp

Ala
55
Gly

Ala

Gly

Val

Met

Ser

Ile

55

Ser

Val

Ser

Gly

Ala

135

Ala

Gly

Ser

Glu

Glu

215

Glu

Pro

Val

Pro

40

Cys

Ala

Arg

Tyr

Cys

Ser

Gly

Gly

Gln

Gly

Val

Gly

120

Gln

His

Ala

Leu

Lys

200

Val

Pro

Ala

Asp

Glu
280

Pro

Glu

Ala

Pro
105

Pro

Lys

25

Gly

His

Thr

Asn

Thr

105

Lys

His

Asn

Ala

Ala

185

Gly

Leu

Thr

Asp

Gly

265

Phe

Arg

Gly

Phe

90

Val

Pro

10

Ala

Thr

Ser

His

Ile

90

Val

Ala

Gly

Ala

Ala

170

Ala

Arg

Gln

Glu

Gly

250

Cys

Thr

45

Arg Trp Leu

60

Leu Trp Ala

75

Ala Leu Gly

Arg Asp His

Ser

Gly

Ser

Cys

Leu

75

Pro

Ser

Leu

Arg

Ala

155

Ala

Asp

Ser

Trp

Pro

235

Pro

Ser

Glu

Arg

Ser

Asp

Arg

60

Arg

Arg

Asp

Thr

Val

140

Pro

Ala

Gly

Trp

Pro

220

Ala

Ala

Leu

Arg

Leu

Thr

Val

45

Val

Ala

Gly

Lys

Phe

125

Gln

Val

Arg

Ile

Pro

205

Ala

Thr

Ser

Ala

Ala
285

Cys

Gly

Gln

Arg
110

Val

Val

30

Ile

Gly

Val

Met

Thr

110

Glu

Pro

Ala

Arg

Ile

190

Arg

Gly

Asn

Leu

Ile

270

Ala

Ala

Val

Leu

95

Val

Pro

15

Gly

Glu

Thr

Ser

Phe

95

Leu

Val

Ser

Pro

Arg

175

Asn

Glu

Thr

Pro

Ile

255

Ala

Pro

Arg
Val
80

Arg

Ser

protein

Ala

Pro

Pro

Gln

Asp

80

Val

Ile

Val

Ala

Asp

160

Glu

Ala

Arg

Ile

Asp

240

Ala

Ala

Ile
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-continued

128

Leu

Ile

305

Arg

Thr

Thr

Gly

Glu
385

<210>
<211>
<212>
<213>
<220>
<223>

Ala

290

Ser

His

Leu

Leu

Ala

370

Ala

Asp

Arg

His

Ala

Glu

355

Glu

Leu

Leu

Ile

Asp

Gln

340

Thr

Ala

Ile

PRT

<400> SEQUENCE:

Met Ala Ser Gly

1

Gly

Phe

Leu

Leu

65

Leu

Ser

Val

Leu

Val

145

Ala

Thr

Ile

Gly

Pro

225

Gly

Gln

Asn

Ala

50

Asn

Asp

Asp

Tyr

Trp

130

Val

Thr

Leu

Ile

Leu

210

Gly

Phe

Leu

Thr

35

Ile

Gln

Lys

Thr

Lys

115

Ser

Gly

Asn

Pro

Asp

195

Pro

Ser

Pro

Leu

20

Gly

Pro

Asn

Leu

Arg

100

Val

Trp

Gly

Leu

Lys

180

Gly

Asp

Pro

Glu

Arg

Thr

Glu

325

Arg

Ala

Glu

Arg

SEQ ID NO 54
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis
FEATURE:
OTHER INFORMATION: Rv3864

402

54

Ser

Leu

Ser

Gly

Ile

Thr

85

Asp

Cys

Glu

Ala

Arg

165

Phe

Leu

Ile

Leu

Phe
245

Gln

Pro

310

Leu

Leu

Gln

Glu

Gln
390

Gly

Leu

Ser

Thr

Ala

70

Gly

Val

Lys

Leu

Leu

150

Gly

Pro

Trp

Pro

Phe

230

Pro

Leu

295

Glu

Met

Tyr

Ala

Glu

375

Ile

Leu

Gly

Leu

Asn

55

Gln

Asn

Leu

Gly

Ala

135

Leu

Ile

Gly

Pro

Gly

215

Pro

Ala

Glu

Leu

Arg

Ala

Ala

360

Leu

Asn

Cys

Glu

Phe

40

Trp

Gln

Met

Arg

Leu

120

Ile

Tyr

Leu

Leu

Pro

200

Leu

Asp

Ile

Ala

Ile

Leu

Ala

345

Gly

Pro

Ile

Lys

Gly

330

Arg

Val

Ala

Ala

Ala

315

Ala

Arg

Ala

Glu

- conserved

Lys

Gly

25

Lys

Ile

Leu

Ile

Ala

105

Glu

Pro

Leu

Gly

Pro

185

Lys

Pro

Leu

Pro

Thr

10

Ile

Gln

Gly

Arg

Ser

90

Met

Lys

Met

Thr

Arg

170

Gly

Leu

Asp

Pro

Gly
250

Thr

Pro

Ile

Gln

Ala

75

Asn

Lys

Ile

Ser

Ile

155

Leu

Leu

Pro

Phe

Ser

235

Phe

Val Gln Ala Thr Arg
300

Leu Gly Ala Val Arg
320

Thr Ala Pro Gly Ala
335

Arg Ala Asn Leu Ser
350

Glu Glu Met Ile Val
365

Ala Thr Glu Ala Ile
380

hypothetical protein

Ser Asn Phe Ile Trp
Asp Pro Gly Asp Ile
30

Ser Asp Lys Met Gly
45

Ala Ala Glu Ala Tyr
60

Gln Val Met Gly Asp
Gln Ala Lys Tyr Val
95

Lys Met Ile Asp Gly
110

Pro Leu Leu Gly His
125

Gly Ile Ala Met Ala
140

Met Thr Leu Met Asn
160

Ile Glu Met Leu Thr
175

Pro Ser Leu Pro Asp
190

Asp Ile Pro Ile Pro
205

Lys Trp Pro Pro Thr
220

Phe Pro Gly Phe Pro
240

Pro Ala Leu Pro Gly
255
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-continued

130

Leu

Leu

Leu

Leu

305

Gln

Gly

Ile

Ser

Pro

385

Val

Pro Ser Ile Pro Asn Leu Phe Pro Gly Leu
260 265

Leu Pro Gly Val Gly Asp Leu Gly Lys Leu
275 280

Ala Ala Leu Pro Asp Phe Leu Gly Gly Phe

290 295

Gly Phe Gly Asn Leu Leu Ser Phe Ala Ser
310 315

Val Thr Ala Thr Met Gly Gln Leu Gln Gln

325 330

Gly Pro Ser Gln Leu Ala Ser Met Gly Ser
340 345

Ser Ser Gln Ala Gln Gln Gly Gly Gln Gln
355 360

Asp Lys Lys Glu Asp Glu Glu Gly Val Ala

370 375

Ile Asp Ala Gly Thr Ala Ala Ser Gln Arg
390 395

Leu

<210> SEQ ID NO 55

<211> LENGTH: 103

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:

<223> OTHER INFORMATION: Rv3865 - conserved

<400> SEQUENCE: 55

Met
1
Gly
Val
Ser
Thr
65

Leu

Val

Thr Gly Phe Leu Gly Val Val Pro Ser Phe
5 10

Met His Asn Glu Ile Val Gly Asp Ile Lys
20 25

Ala Gly Ile Ser Gly Arg Val Gln Leu Thr
Lys Phe Asn Asp Thr Leu Gln Glu Phe Glu
50 55

Gly Thr Gly Leu Gln Gly Val Thr Ser Gly
70 75

Ala Ala Ala Gly Ala Tyr Leu Lys Ala Asp
85 90

Ile Asp Lys Ile Phe Gly
100

<210> SEQ ID NO 56

<211> LENGTH: 283

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:

<223> OTHER INFORMATION: Rv3866 - conserved

<400> SEQUENCE: 56

Met

1

Val

Leu

Pro

Thr Gly Pro Ser Ala Ala Gly Arg Ala Gly
5 10

Gly Val Glu Val Thr Ile Asp Gly Met Leu
20 25

His Leu Val Asp Phe Pro Val Thr Leu Gly
35 40

Gln Glu Asp Leu Arg Asp Ile Val Trp Glu

Pro

Pro

Ala

300

Leu

Leu

Gln

His

Glu

380

Gly

hypothetical protein

Leu

Arg

His

Thr

60

Leu

Asp

hypothetical protein

Thr

Val

Gln

Gly

Thr

285

Gly

Pro

Val

Gln

Ala

365

Ala

Gln

Lys

Ala

Gly

Thr

Ala

Gly

Ala

Ile

Arg

45

Val

Leu

270

Trp

Leu

Thr

Ala

Ala

350

Thr

Glu

Glu

Val

Thr

30

Ser

Arg

Asn

Leu

Asp
Ala
30

Pro

Gln

Gly Asp

Thr Glu

Pro Ser

Val Gly

320

Ala Gly

335

Gln Leu

Leu Val

Arg Ala

Gly Thr
400

Leu Ala
15

Asp Thr

Phe Thr

Ser Ser

Asn Leu

80

Ala Gly
95

Asn Val
15
Asp Arg

Asn Ile

Arg Asp
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131

-continued

132

Leu

65

Val

Gly

Val

Met

Val

145

Thr

Thr

Val

Pro

Ser

225

Leu

Leu

Thr

50 55 60

Thr Ala Gln Gly Val Leu Asp Leu His Gly Glu Pro
70 75

Ala Glu Met Val Glu Thr Leu Gly Arg Pro Asp Arg
85 90

Arg Trp Trp Arg Arg Asp Ile Gly Gly Val Met Val
100 105

Cys Arg Arg Gly Asp Arg His Val Ile Ala Ala Arg
115 120 125

Leu Val Leu Gln Leu Val Ala Pro Gln Val Gly Leu
130 135 140

Thr Ala Val Leu Gly Pro Ala Glu Pro Ala Asn Val
150 155

Gly Val Ala Thr Glu Leu Ala Glu Cys Thr Thr Ala
165 170

Gln Tyr Gly Ile Ala Pro Ala Ser Ala Arg Val Tyr
180 185

Gly Asn Pro Thr Gly Trp Val Glu Ile Val Ala Ser
195 200 205

Gly Gly Thr Thr Thr Gln Thr Asp Ala Ala Ala Gly
210 215 220

Lys Leu Gly Arg Leu Val Ser Leu Pro Arg Arg Val
230 235

Tyr Gly Ser Phe Leu Pro Gly Thr Gln Gln Asn Leu
245 250

Asp Gly Leu Leu Glu Leu Leu Pro Ala Gly Ala Trp
260 265

Ser Asp His Ala Gln Ala Ser Ser Arg Gly
275 280

<210> SEQ ID NO 57

<211> LENGTH: 183

<212> TYPE: PRT

<213> ORGANISM: mycobacterium tuberculosis
<220> FEATURE:

<223> OTHER INFORMATION: Protein sequence Rv3867

<400> SEQUENCE: 57

Met

1

Leu

Leu

Asp

Leu

65

Met

Met

Ala

Ile

Val Asp Pro Pro Gly Asn Asp Asp Asp His Gly Asp
Asp Phe Ser Ala Ala His Thr Asn Glu Ala Ser Pro
20 25

Asp Asp Tyr Ala Pro Val Gln Thr Asp Asp Ala Glu
35 40 45

Ala Leu His Ala Leu Thr Glu Arg Asp Glu Glu Pro
50 55 60

Phe Thr Val Thr Asn Pro Gln Gly Ser Val Ser Val
70 75

Asp Gly Arg Ile Gln His Val Glu Leu Thr Asp Lys
85 90

Ser Glu Ala Gln Leu Ala Asp Glu Ile Phe Val Ile
100 105

Arg Gln Lys Ala Arg Ala Ser Gln Tyr Thr Phe Met
115 120 125

Gly Glu Leu Thr Asp Glu Asp Ala Glu Gly Ser Ala
130 135 140

Gln

Thr

Arg

110

Asp

Ala

Glu

Ser

Ala

190

Gln

Val

Gly

Glu

Leu
270

Leu

Leu

30

Gly

Glu

Ser

Ala

Ala

110

Val

Leu

Pro

Leu

95

Phe

Gly

Gly

Pro

Gln

175

Glu

Arg

Leu

Gly

Arg

255

Asp

Asp

15

Asp

Asp

Leu

Thr

Thr

95

Asp

Glu

Leu

Thr

80

Glu

Val

Asp

Met

Leu

160

Leu

Ile

His

Asp

Asp

240

Ala

His

Ala

Ala

Leu

Glu

Leu

80

Ser

Leu

Asn

Arg



133

-continued

US 8,747,866 B2

134

Glu Phe Val Gly Met

145

Ala

Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Thr Leu Asn Leu Pro Thr Pro Glu Glu Ala

150

155

Ala Glu Ala Glu Val Phe Ala Thr Arg Tyr Asp Val Asp Tyr

165

Arg Tyr Lys Ala

180

PRT

SEQUENCE :

Met Thr Asp Arg

1

Pro

Tyr

Asp

Phe

65

Ala

Thr

Gln

Ala

Ala

145

Lys

Val

Thr

Ala

Ala

225

Val

Ala

Val

Glu

Arg
305

Met

Asp

Thr

50

Gly

Arg

Ser

Gly

Gly

130

Ala

Trp

Ala

Glu

Trp

210

Val

Ala

Glu

Thr

Leu

290

Tyr

Ser

Glu

35

Asp

Gln

Ile

Pro

Asn

115

Ser

Glu

Pro

Ala

Ala

195

Tyr

Ala

Ala

Gln

Asp

275

Asp

Arg

Glu

20

Ser

Arg

Leu

Ala

Leu

100

Tyr

Glu

Arg

Asp

Ala

180

Asn

Leu

Leu

Ala

Ile

260

Asn

Arg

Ala

SEQ ID NO 58
LENGTH:
TYPE :
ORGANISM: mycobacterium tuberculosis
FEATURE:
OTHER INFORMATION: Protein sequence Rv3868

573

58

Leu

Ala

Ala

Val

Ser

Ile

85

Ala

Ala

His

Trp

Lys

165

Asn

Asp

Ala

Leu

Leu

245

Ala

Ser

Gln

Ala

Asp

Ala

Arg

Cys

Thr

Gly

Gly

Ile

Asp

Leu

Thr

150

Phe

Leu

Ser

Met

Glu

230

Lys

Ser

Gly

Ile

Thr
310

Asp

Ser

Ser

Asp

Leu

55

Ser

Gly

Thr

Ala

Val

135

Asp

Leu

Ala

Pro

Ala

215

Trp

Asp

Arg

Arg

Gly

295

Leu

Leu

Leu

Ala

40

Phe

Val

Leu

Met

Met

120

Ala

Val

Ala

Leu

Ala

200

Arg

Leu

Pro

Ala

Glu

280

Leu

Met

Phe

Asp

25

Trp

Arg

Gln

Tyr

Gly

105

Glu

Trp

Ile

Gly

Phe

185

Gly

Arg

Gln

Ser

Asp

265

Arg

Thr

Ala

170

Glu

10

Leu

Ile

Ala

Ile

Gly

90

Phe

Ala

Met

Asp

Ala

170

Thr

Glu

Ser

Thr

Tyr

250

Pro

Leu

Arg

Arg

Ser

Phe

Gly

Trp

Ser

75

Asp

Ala

Leu

Lys

Gln

155

Ala

Glu

Ala

Gln

Thr

235

Arg

Trp

Leu

Val

Val
315

Ala

Thr

Arg

Tyr

60

Met

Ile

Ala

Glu

Ala

140

Val

Gly

Ala

Cys

Gly

220

His

Leu

Asp

Ala

Lys

300

Arg

Val

Glu

Ile

45

Ser

Ser

Thr

Cys

Ala

125

Val

Lys

Val

Glu

Ala

205

Asn

Pro

Lys

Pro

Glu

285

Asn

Ala

Ser

Ile

30

Arg

Arg

Thr

Tyr

Glu

110

Ala

Val

Ser

Ala

Arg

190

Arg

Glu

Glu

Thr

Gly

270

Ala

Gln

Ala

175

Met

15

Thr

Cys

Arg

Leu

Pro

95

Ala

Pro

Tyr

Ala

His

175

Arg

Ala

Ser

Pro

Thr

255

Ser

Gln

Ile

Lys

Ala
160

Thr

Leu

Asn

Gly

Asn

Asn

80

Val

Ala

Val

Gly

Gly

160

Gly

Leu

Ile

Ala

Lys

240

Thr

Val

Ala

Glu

Gly
320
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135

-continued

136

Met

Gly

Gly

Asp

Thr

385

Ala

Ala

Val

Thr

Thr

465

Ala

Ala

Asp

Glu

Leu

545

Ala

Lys Val Ala Gln Pro Ser Lys His Met Ile Phe Thr
325 330

Thr Gly Lys Thr Thr Ile Ala Arg Val Val Ala Asn
340 345

Leu Gly Val Ile Ala Glu Pro Lys Leu Val Glu Thr
355 360 365

Phe Val Ala Glu Tyr Glu Gly Gln Ser Ala Val Lys
370 375 380

Ile Asp Gln Ala Leu Gly Gly Val Leu Phe Ile Asp
390 395

Leu Val Gln Glu Arg Asp Gly Arg Thr Asp Pro Phe
405 410

Leu Asp Thr Leu Leu Ala Arg Met Glu Asn Asp Arg
420 425

Val Ile Ile Ala Gly Tyr Ser Ser Asp Ile Asp Arg
435 440 445

Asn Glu Gly Leu Arg Ser Arg Phe Ala Thr Arg Ile
450 455 460

Tyr Ser Pro Glu Glu Leu Leu Glu Ile Ala Asn Val
470 475

Asp Asp Ser Ala Leu Thr Ala Glu Ala Ala Glu Asn
485 490

Ala Lys Gln Leu Glu Gln Arg Met Leu Arg Gly Arg
500 505

Val Ala Gly Asn Gly Arg Tyr Ala Arg Gln Leu Val
515 520 525

Gln Cys Arg Asp Met Arg Leu Ala Gln Val Leu Asp
530 535 540

Asp Glu Asp Arg Leu Arg Glu Ile Asn Gly Ser Asp
550 555

Ile Ala Ala Val His Ala His Leu Asn Met Arg Glu
565 570

<210> SEQ ID NO 59

<211> LENGTH: 480

<212> TYPE: PRT

<213> ORGANISM: mycobacterium tuberculosis
<220> FEATURE:

<223> OTHER INFORMATION: Protein sequence Rv3869

<400> SEQUENCE: 59

Met

1

Leu

Phe

Val

Lys

65

Thr

Asn

Thr

Gly Leu Arg Leu Thr Thr Lys Val Gln Val Ser Gly
5 10

Leu Arg Arg Leu Glu His Ala Ile Val Arg Arg Asp
20 25

Asp Asp Pro Leu Gln Phe Tyr Ser Arg Ser Ile Ala
35 40 45

Val Ala Val Leu Ile Leu Ala Gly Ala Ala Leu Leu
Pro Gln Gly Lys Leu Gly Gly Thr Ser Leu Phe Thr
70 75

Asn Gln Leu Tyr Val Leu Leu Ser Gly Gln Leu His
85 90

Leu Thr Ser Ala Arg Leu Val Leu Gly Asn Pro Ala
100 105

Val Lys Ser Ser Glu Leu Ser Lys Leu Pro Met Gly

Gly

Ile

350

Ser

Thr

Glu

Gly

Asp

430

Leu

Glu

Ile

Phe

Arg

510

Glu

Ile

Met

Trp

Thr

30

Leu

Ala

Asp

Pro

Asn
110

Gln

Pro

335

Leu

Arg

Ala

Ala

Gln

415

Arg

Leu

Phe

Ala

Leu

495

Ala

Ala

Asp

Ala

Arg

15

Arg

Gly

Tyr

Arg

Val

95

Pro

Thr

Pro

Ala

Lys

Lys

Tyr

400

Glu

Leu

Glu

Asp

Ala

480

Gln

Leu

Ser

Thr

Glu
560

Phe

Met

Ile

Phe

Ala

80

Tyr

Ala

Val
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-continued

138

Gly

Ser

145

Pro

Ser

Gly

Thr

Pro

225

Pro

Gly

Asp

Val

Leu

305

Glu

Ser

Gly

Ile

Ala

385

Asp

Arg

Ser

Pro

Ala
465

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ile

130

Ile

Val

Ile

Glu

Asp

210

Thr

Trp

Leu

Lys

Asn

290

Val

Arg

Arg

Asp

Ser

370

Thr

Pro

Tyr

Pro

Val

450

Asp

115

Pro

Trp

Val

Asp

Thr

195

Arg

Pro

Gln

Pro

Gly

275

Ala

Ala

Val

Pro

Gln

355

Pro

Val

Arg

Gly

Gln

435

Leu

Pro

Gly

Thr

Gln

Pro

180

Trp

Ala

Ile

Leu

Asp

260

Pro

Thr

Pro

Tyr

Gln

340

Ser

Ser

Tyr

Tyr

Val

420

Asn

Ser

Ser

PRT

SEQUENCE :

Ala

Leu

Thr

165

Leu

Ile

Leu

Ser

Pro

245

Asp

Gln

Thr

Pro

Pro

325

Asp

Pro

Ala

Leu

Thr

405

Pro

Ala

Lys

Pro

SEQ ID NO 60
LENGTH:
TYPE :
ORGANISM: mycobacterium tuberculosis
FEATURE:
OTHER INFORMATION: Protein sequence Rv3870

747

60

Pro

Cys

150

Ala

Gln

Val

Thr

Glu

230

Pro

Leu

Tyr

Ala

Ala

310

Ser

Pro

Gln

Met

Asp

390

Glu

Asn

Pro

Asp

Arg
470

Tyr

135

Asp

Val

Ser

Thr

Ser

215

Gly

Ile

Val

Tyr

Ala

295

Met

Pro

Ala

Ser

Asn

375

Gly

Ser

Ala

Trp

Ala

455

Lys

120

Ala

Thr

Ile

His

Thr

200

Ser

Met

Pro

Ile

Val

280

Ala

Val

Leu

Leu

Thr

360

Met

Gly

Met

Glu

Glu

440

Ala

Val

Thr

Val

Ala

Glu

185

Lys

Met

Phe

Ala

Gly

265

Val

Leu

Pro

Pro

Cys

345

Val

Gly

Lys

Tyr

Thr

425

Ile

Leu

Pro

Pro

Ala

Met

170

Ala

Gly

Gly

Asn

Ala

250

Ser

Leu

Arg

Ser

Asp

330

Trp

Leu

Ile

Phe

Tyr

410

Ala

Val

Leu

Ala

Val

Arg

155

Pro

Val

Arg

Ile

Ala

235

Gly

Val

Pro

Ala

Leu

315

Glu

Ser

Ser

Lys

Val

395

Ile

Lys

Arg

Glu

Gly
475

Ser

140

Ala

Leu

Leu

His

Pro

220

Leu

Ala

Phe

Asp

Thr

300

Val

Pro

Trp

Gly

Gln

380

Ala

Asp

Ser

Leu

His

460

Ala

125

Ala

Asp

Glu

Val

Ala

205

Val

Pro

Pro

Gln

Gly

285

Gln

Val

Leu

Gln

Arg

365

Ile

Leu

Pro

Leu

Leu

445

Asp

Ser

Gly

Ser

Ile

Ser

190

Ile

Thr

Asp

Asn

Ile

270

Ile

Ala

Arg

Lys

Arg

350

His

His

Gln

Gln

Gly

430

Val

Thr

Gly

Ser

Thr

Asp

175

Tyr

Asp

Ala

Met

Ser

255

His

Ala

His

Ile

Ile

335

Ser

Leu

Gly

Ser

Gly

415

Leu

Asp

Leu

Ala

Thr

Ser

160

Ala

Gln

Leu

Arg

Gly

240

Leu

Thr

Gln

Gly

Ala

320

Val

Ala

Pro

Thr

Pro

400

Val

Ser

Gly

Pro

Pro
480

Met Thr Thr Lys Lys Phe Thr Pro Thr Ile Thr Arg Gly Pro Arg Leu

1

5

10

15
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-continued

140

Thr

Ile

Ala

Leu

65

Val

Glu

Arg

Tyr

Arg

145

Ile

Val

Glu

Leu

Ile

225

Met

Arg

Trp

Thr

Arg

305

Val

Ala

Arg

Gln

Gln

385

Thr

Trp

Arg

Pro

Pro

Met

50

Ser

Gly

Ile

Thr

His

130

Gln

Gly

Gly

Pro

Ile

210

Ala

Ile

Val

Leu

Arg

290

Gly

Val

Gly

Ile

Ser

370

Ala

Ile

His

Trp

Gly

Pro

35

Leu

Pro

Gly

Asn

Arg

115

Ala

Trp

Ile

Gly

Val

195

His

Ile

Cys

Leu

Pro

275

Leu

Pro

Asp

Val

Arg

355

Phe

Ser

Leu

Gln

Arg

Glu

20

Ser

Gly

Tyr

Leu

Ala

100

Val

Pro

Ser

Gly

Glu

180

Ser

Asp

Gly

His

Thr

260

His

Ile

His

Leu

Thr

340

Val

Arg

Arg

Asp

Leu

420

Met

Ile

Gly

Met

Met

Ala

85

Asp

Thr

His

Arg

Asp

165

Leu

His

Cys

Gly

Leu

245

Glu

Val

Phe

Ala

Thr

325

Val

His

Gln

Ile

Lys

405

Val

Tyr

Ser

Val

Ile

Leu

70

Gly

Arg

Ser

Pro

Pro

150

Gln

Ala

Met

Pro

Asp

230

Ala

Glu

Gln

Thr

Pro

310

Gly

Ile

Glu

Val

Ala

390

Thr

Gly

Thr

Leu

Gln

Ala

55

Met

Ser

Lys

Ser

Glu

135

Ala

Pro

Ala

Trp

Lys

215

Leu

Val

Pro

His

Arg

295

Asp

Gly

Thr

Asp

Thr

375

Arg

Ser

Ala

Asp

Thr

Lys

40

Ile

Met

Thr

Glu

Ala

120

Asp

Asn

Ala

Ala

Val

200

Leu

Ala

Phe

Asp

Gln

280

Gln

Ser

Lys

Leu

Gly

360

Ser

Lys

Arg

Gln

Thr

Pro

25

Ile

Met

Pro

Gly

Tyr

105

Thr

Leu

Ala

Val

Ser

185

Val

Leu

Gly

His

Asp

265

Thr

Glu

Leu

Ala

Gly

345

Thr

Val

Leu

Val

Ser

425

Asp

Pro

Leu

Val

Leu

Gly

90

Leu

Ser

Leu

Asp

Asp

170

Ala

Lys

Gln

Ala

Pro

250

Pro

Glu

Gly

Pro

Gly

330

Asn

Ala

Thr

Ala

Gln

410

Val

Arg

Asp

Pro

Ala

Met

75

Gly

Arg

Gln

Ser

Phe

155

Arg

Ala

Phe

Leu

Ala

235

Pro

Asp

Thr

Leu

Gly

315

Phe

His

Asp

Asp

Gly

395

Lys

Glu

Asp

Asp

Tyr

Gly

60

Met

Gly

Tyr

Val

Ile

140

Tyr

Leu

Pro

Leu

Arg

220

Gly

Asp

Trp

Asp

Ser

300

Gly

Pro

Arg

Asp

Arg

380

Trp

Lys

Glu

Arg

Leu

Val

45

Gly

Ile

Lys

Leu

Ala

125

Val

Ala

Leu

Gln

Arg

205

Thr

Leu

Leu

Ser

Ala

285

Asp

Pro

Pro

Gly

Arg

365

Met

Ser

Val

Ile

Leu

Gly

30

Met

Thr

Val

Lys

Ala

110

Phe

Gly

Ala

Lys

Pro

190

Thr

Phe

Met

Leu

Trp

270

Ala

Leu

Tyr

Asp

Ser

350

Leu

Ser

Ile

Ala

Thr

430

Lys

Ile

Gly

Arg

Met

Val

95

Gly

Phe

Thr

Thr

Pro

175

Phe

His

Pro

Thr

Gln

255

Leu

Gly

Ala

Val

Gly

335

Ala

Pro

Pro

Thr

Thr

415

Pro

Ile

Asp

Gly

Gln

Met

80

Pro

Leu

Ser

Gln

Arg

160

Ala

Leu

Gly

Thr

Ala

240

Ile

Lys

Ser

Ala

Val

320

Arg

Tyr

Asn

Gln

Gly

400

Asp

Ser

Pro
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141

-continued

142

Phe

Glu

465

Thr

Val

Lys

Ala

Gly

545

Gln

Glu

Thr

Pro

Leu

625

Val

Arg

Ala

Gly

Tyr

705

Pro

Ala

435 440 445

Gly His Glu Leu Lys Thr Gly Asn Val Met Tyr Leu
450 455 460

Gly Ala Glu Phe Gly Ala Gly Pro His Gly Met Leu
470 475

Gly Ser Gly Lys Ser Glu Phe Leu Arg Thr Leu Ile
485 490

Ala Met Thr His Pro Asp Gln Val Asn Leu Leu Leu
500 505

Gly Gly Ser Thr Phe Leu Gly Met Glu Lys Leu Pro
515 520 525

Val Val Thr Asn Met Ala Glu Glu Ala Glu Leu Val
530 535 540

Glu Val Leu Thr Gly Glu Leu Asp Arg Arg Gln Ser
550 555

Ala Gly Met Lys Val Gly Ala Ala Gly Ala Leu Ser
565 570

Tyr Glu Lys Tyr Arg Glu Arg Gly Ala Asp Leu Pro
580 585

Leu Phe Val Val Val Asp Glu Phe Ala Glu Leu Leu
595 600 605

Asp Phe Ile Gly Leu Phe Asp Arg Ile Cys Arg Val
610 615 620

Arg Val His Leu Leu Leu Ala Thr Gln Ser Leu Gln
630 635

Arg Ile Asp Lys Leu Glu Pro Asn Leu Thr Tyr Arg
645 650

Thr Thr Ser Ser His Glu Ser Lys Ala Val Ile Gly
660 665

Gln Tyr Ile Thr Asn Lys Glu Ser Gly Val Gly Phe
675 680 685

Met Glu Asp Pro Val Lys Phe Ser Thr Phe Tyr Ile
690 695 700

Met Pro Pro Ala Ala Gly Val Glu Thr Asn Gly Glu
710 715

Gly Gln Gln Thr Thr Arg Gln Ala Ala Arg Ile His
725 730

Ala Pro Val Leu Glu Glu Ala Pro Thr Pro
740 745

<210> SEQ ID NO 61

<211> LENGTH: 591

<212> TYPE: PRT

<213> ORGANISM: mycobacterium tuberculosis
<220> FEATURE:

<223> OTHER INFORMATION: Protein sequence Rv3871

<400> SEQUENCE: 61

Met

1

Gln

Leu

Gln

Thr Ala Glu Pro Glu Val Arg Thr Leu Arg Glu Val
5 10

Leu Gly Thr Ala Glu Ser Arg Ala Tyr Lys Met Trp
20 25

Thr Asn Pro Val Pro Leu Asn Glu Leu Ile Ala Arg
35 40 45

Pro Leu Arg Phe Ala Leu Gly Ile Met Asp Glu Pro
50 55 60

Asp

Ile

Leu

Thr

510

His

Ser

Ile

Gly

Pro

590

Gln

Gly

Thr

Ile

Thr

670

Leu

Ser

Ala

Arg

Val
Leu
30

Asp

Arg

Ile

Gly

Ser

495

Asp

Thr

Arg

Leu

Val

575

Leu

Ser

Arg

Gly

Ala

655

Pro

Arg

Gly

Gly

Phe
735

Leu
15
Pro

Arg

Arg

Lys

Thr

480

Leu

Phe

Ala

Met

Arg

560

Ala

Pro

His

Ser

Gly

640

Leu

Glu

Val

Pro

Gly

720

Thr

Asp

Pro

Arg

His
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-continued

144

Leu

65

Gly

Met

Tyr

Pro

Arg

145

Phe

Asp

Leu

Glu

His

225

Arg

Glu

Gly

Arg

Ala

305

Val

Pro

Gly

Asn

Ile

385

Gln

Val

Ala

Arg

Trp

465

Ile

Gln

Ile

Val

Cys

His

130

Val

Lys

Asp

Ile

Gly

210

Val

Asp

Thr

Arg

Phe

290

Gly

Arg

Pro

Leu

Pro

370

Ala

Val

Pro

Ser

Leu

450

Trp

Val

Asp

Gly

Met

Ile

115

Val

Val

Glu

Pro

Ile

195

Gln

Ile

Tyr

Gln

Ala

275

Asp

Val

Val

Gly

Arg

355

His

His

Arg

Asp

Leu

435

Pro

Ser

Gly

Val

Gly

Ser

100

Asp

Gly

Ala

His

Ser

180

Asp

Val

Ile

Leu

Ile

260

Val

Gly

Thr

Leu

Pro

340

Glu

Leu

Ala

Phe

Thr

420

Asp

Pro

Gly

Ala

Trp

Ala

85

Ala

Leu

Gly

Glu

Arg

165

Gln

Gly

Gln

Ser

Gly

245

Asp

Ser

Val

Gln

Pro

325

Glu

Thr

Leu

Ile

Met

405

His

Glu

Thr

Phe

Ala

Gly

70

Pro

Ala

Gly

Val

Met

150

Val

Pro

Trp

Asp

Thr

230

Thr

Arg

Met

His

Ile

310

Glu

Ser

Asp

Ile

Ala

390

Leu

Leu

Ala

Asp

Asp

470

Gly

Val

Gln

Ala

Gly

Ala

135

Gln

Gly

Val

Pro

Leu

215

Pro

Lys

Ile

Glu

Ser

295

Ala

Arg

Asp

Leu

Phe

375

Arg

Ala

Leu

Val

Leu

455

Val

Gly

Asp

Thr

Thr

Gly

120

Asn

Ala

Ser

Ala

Gly

200

Ala

Arg

Ile

Thr

Lys

280

Ala

Ser

Ile

Tyr

Thr

360

Gly

Ala

Asp

Gly

Gln

440

Thr

Val

Met

Val

Gly

His

105

Gly

Arg

Val

Ile

Ser

185

Phe

Ala

Trp

Glu

Arg

265

His

Asp

Gln

His

Arg

345

Pro

Ala

Ile

Tyr

Ala

425

Ala

Thr

Leu

Pro

Ser

Lys

90

Ser

Leu

Ser

Met

Gly

170

Asp

Val

Gln

Thr

Phe

250

Glu

His

Asn

His

Leu

330

Thr

Ala

Ala

Cys

Arg

410

Gly

Leu

Ala

Leu

Pro

Gly

75

Ser

Pro

Ile

Glu

Arg

155

Met

Pro

Gly

Gly

Glu

235

Arg

Ile

Leu

Leu

Thr

315

His

Arg

His

Lys

Ala

395

Ser

Ala

Ala

Gln

Val

475

Met

Ala

Thr

Arg

Tyr

Pro

140

Gln

Tyr

Tyr

Glu

Leu

220

Leu

Leu

Pro

Met

Val

300

Glu

Glu

Trp

Cys

Ser

380

Arg

Gly

Ile

Val

Leu

460

Asp

Ala

Gly Gly Asn

Leu

Asn

Leu

125

Asp

Arg

Arg

Gly

Phe

205

Ala

Lys

Gly

Ala

Ile

285

Glu

Gln

Leu

Glu

His

365

Gly

Asn

Leu

Asn

Asn

445

Arg

Asp

Pro

Leu

Val

110

Glu

Lys

Glu

Gln

Asp

190

Pro

Phe

Ser

Asp

Asn

270

Gly

Ala

Ala

Asp

Ile

350

Met

Lys

Ser

Leu

Arg

430

Leu

Ser

Trp

Leu

Gln

95

Gln

Asn

Val

Thr

Leu

175

Val

Asp

Gly

Arg

Val

255

Arg

Val

Ile

Pro

Pro

335

Pro

His

Thr

Pro

Asp

415

Asn

Lys

Arg

His

Ala

Ile

80

Thr

Phe

Leu

Asn

Thr

160

Arg

Phe

Leu

Val

Val

240

Asn

Pro

Pro

Thr

Pro

320

Asn

Ile

Thr

Thr

Gln

400

Ala

Ser

Lys

Ser

Met

480

Pro
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146

Leu

Gln

Ala

Glu

545

Ala

Ile

485 490

Leu Pro Ala Ala Ala Asp Ile Gly Leu His
500 505

Met Ser Gln Ala Tyr Lys Ala Thr Met Asp
515 520

Phe Gly Ser Gly Ala Pro Thr Met Phe Leu
530 535

Phe Pro Ser Ser Glu Phe Lys Val Lys Arg
550 555

Phe Leu Val Ser Pro Asp Gly Lys Glu Val
565 570

Glu Pro Pro Glu Glu Val Phe Ala Ala Pro
580 585

<210> SEQ ID NO 62

<211> LENGTH: 99

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:

<223>

<400> SEQUENCE: 62

Met

1

Val

Thr

Gln

Asn

65

Asp

Phe

Glu Lys Met Ser His Asp Pro Ile Ala Ala

Ser Asp Asn Ala Leu His Gly Val Thr Ala

Ser Val Thr Gly Leu Val Pro Ala Gly Ala

35 40

Ala Ala Thr Ala Phe Thr Ser Glu Gly Ile
50 55

Ala Ser Ala Gln Asp Gln Leu His Arg Ala
70 75

Val Ala Arg Thr Tyr Ser Gln Ile Asp Asp
85 90

Ala Glu

<210> SEQ ID NO 63

<211> LENGTH: 368

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:

<223> OTHER INFORMATION: Rv3873-PPE68 - PPE

<400> SEQUENCE: 63

Met

1

Ala

Thr

Leu

Leu

65

Gln

Thr

Leu Trp His Ala Met Pro Pro Glu Leu Asn
5 10

Gly Ala Gly Pro Ala Pro Met Leu Ala Ala
20 25

Leu Ser Ala Ala Leu Asp Ala Gln Ala Val
35 40

Asn Ser Leu Gly Glu Ala Trp Thr Gly Gly
50 55

Ala Ala Ala Thr Pro Met Val Val Trp Leu
70 75

Ala Lys Thr Arg Ala Met Gln Ala Thr Ala
85 90

Gln Ala Met Ala Thr Thr Pro Ser Leu Pro
100 105

Ile

Lys

Ser

540

Arg

Ile

Pro

Asp

Gly

Asp

Gln

60

Gly

Gly

Ile

Phe

525

Gly

Pro

Gln

Ser

Ile

Ser

Glu

45

Leu

Glu

Ala

Val

510

Val

Glu

Pro

Ala

Ala
590

Gly

Thr

30

Val

Leu

Ala

Ala

495

Thr

Gly

Lys

Gly

Pro

575

Gly

Thr

15

Ala

Ser

Ala

Val

Gly

family protein

Thr

Ala

Glu

Gly

60

Gln

Gln

Glu

Ala

Ala

Leu

45

Ser

Thr

Ala

Ile

Arg

Gly

30

Thr

Asp

Ala

Ala

Ala
110

Leu

15

Trp

Ala

Lys

Ser

Ala

95

Ala

Cys

Ala

Gln

Gln

560

Tyr

OTHER INFORMATION: Rv3872-PE35 - PE family-related protein

Gln

Leu

Ala

Ser

Gln

80

Val

Met

Gln

Arg

Ala

Thr

80

Tyr

Asn
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-continued

148

Thr

Asn

145

Gly

Gly

Leu

Pro

225

Gly

Thr

Ala

Ser

Ala

305

Gly

Gly

Glu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ile

Ile

130

Gln

Thr

Ala

Ser

Gly

210

Leu

Gly

Ser

Gly

Leu

290

Pro

Ala

Gly

Arg

Thr

115

Pro

Ala

Leu

Ser

Ser

195

Gln

Gln

Asn

Pro

Ala

275

Thr

Ser

Ala

Ser

Glu
355

CFP10

Gln

Ile

Ala

Phe

Gln

180

Thr

Leu

Gln

Pro

Leu

260

Gly

Arg

Val

Pro

Thr

340

Glu

PRT

SEQUENCE :

Met Ala Glu Met

1

Asn

Glu

Thr

Gln

65

Val

Gln

Phe

Ser

Ala

50

Lys

Gln

Met

Glu

Thr

35

Ala

Gln

Tyr

Gly

Arg

20

Ala

Gln

Glu

Ser

Phe
100

Ala

Ala

Leu

Glu

165

Ser

Pro

Gly

Val

Ala

245

Ser

Leu

Thr

Met

Val

325

Arg

Asp

SEQ ID NO 64
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis
FEATURE:
OTHER INFORMATION: Rv3874-esxB - 10kDa culture filtrate antigen

100

64

Lys

5

Ile

Gly

Ala

Leu

Arg
85

Val

Leu

Ala

150

Lys

Thr

Val

Glu

Thr

230

Asp

Asn

Leu

Pro

Pro

310

Gly

Pro

Asp

Thr

Ser

Ser

Ala

Asp

70

Ala

Leu

Thr

135

Met

Leu

Thr

Gly

Met

215

Ser

Glu

His

Arg

Leu

295

Ala

Ala

Gly

Glu

Asp

Gly

Leu

Val

55

Glu

Asp

Thr

120

Glu

Glu

Glu

Asn

Gln

200

Ser

Leu

Glu

Pro

Ala

280

Met

Ala

Gly

Leu

Asp
360

Ala

Asp

Gln

40

Val

Ile

Glu

Ala

Met

Val

Pro

Pro

185

Leu

Gly

Phe

Ala

Leu

265

Glu

Ser

Ala

Ala

Val

345

Asp

Ala

Leu

25

Gly

Arg

Ser

Glu

Thr

Asp

Tyr

Met

170

Ile

Pro

Pro

Ser

Ala

250

Ala

Ser

Gln

Ala

Met

330

Ala

Trp

Thr

10

Lys

Gln

Phe

Thr

Gln
90

Asn

Tyr

Gln

155

Ala

Phe

Pro

Met

Gln

235

Gln

Gly

Leu

Leu

Gly

315

Gly

Pro

Asp

Leu

Thr

Trp

Gln

Asn

75

Gln

Phe

Phe

140

Ala

Ser

Gly

Ala

Gln

220

Val

Met

Gly

Pro

Ile

300

Ser

Gln

Ala

Glu

Ala

Gln

Arg

Glu

60

Ile

Gln

Phe

125

Ile

Glu

Ile

Met

Ala

205

Gln

Gly

Gly

Ser

Gly

285

Glu

Ser

Gly

Pro

Glu
365

Gln

Ile

Gly

Ala

Arg

Ala

Gly

Arg

Thr

Leu

Pro

190

Thr

Leu

Gly

Leu

Gly

270

Ala

Lys

Ala

Ala

Leu

350

Asp

Glu

Asp

30

Ala

Ala

Gln

Leu

Ile

Met

Ala

Asp

175

Ser

Gln

Thr

Thr

Leu

255

Pro

Gly

Pro

Thr

Gln

335

Ala

Asp

Ala

15

Gln

Ala

Asn

Ala

Ser
95

Asn

Trp

Val

160

Pro

Pro

Thr

Gln

Gly

240

Gly

Ser

Gly

Val

Gly

320

Ser

Gln

Trp

Gly

Val

Gly

Lys

Gly

80

Ser
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149 150

-continued

<210> SEQ ID NO 65

<211> LENGTH: 95

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: Rv3875-Esaté - 6 kDa early secretory antigenic
target Esaté (Esat-6

<400> SEQUENCE: 65

Met Thr Glu Gln Gln Trp Asn Phe Ala Gly Ile Glu Ala Ala Ala Ser
1 5 10 15

Ala Ile Gln Gly Asn Val Thr Ser Ile His Ser Leu Leu Asp Glu Gly
20 25 30

Lys Gln Ser Leu Thr Lys Leu Ala Ala Ala Trp Gly Gly Ser Gly Ser
35 40 45

Glu Ala Tyr Gln Gly Val Gln Gln Lys Trp Asp Ala Thr Ala Thr Glu
50 55 60

Leu Asn Asn Ala Leu Gln Asn Leu Ala Arg Thr Ile Ser Glu Ala Gly
65 70 75 80

Gln Ala Met Ala Ser Thr Glu Gly Asn Val Thr Gly Met Phe Ala
85 90 95

<210> SEQ ID NO 66

<211> LENGTH: 666

<212> TYPE: PRT

<213> ORGANISM: mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: Protein sequence Rv3876

<400> SEQUENCE: 66

Met Ala Ala Asp Tyr Asp Lys Leu Phe Arg Pro His Glu Gly Met Glu
1 5 10 15

Ala Pro Asp Asp Met Ala Ala Gln Pro Phe Phe Asp Pro Ser Ala Ser
20 25 30

Phe Pro Pro Ala Pro Ala Ser Ala Asn Leu Pro Lys Pro Asn Gly Gln
35 40 45

Thr Pro Pro Pro Thr Ser Asp Asp Leu Ser Glu Arg Phe Val Ser Ala
50 55 60

Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Thr Pro Met
65 70 75 80

Pro Ile Ala Ala Gly Glu Pro Pro Ser Pro Glu Pro Ala Ala Ser Lys
85 90 95

Pro Pro Thr Pro Pro Met Pro Ile Ala Gly Pro Glu Pro Ala Pro Pro
100 105 110

Lys Pro Pro Thr Pro Pro Met Pro Ile Ala Gly Pro Glu Pro Ala Pro
115 120 125

Pro Lys Pro Pro Thr Pro Pro Met Pro Ile Ala Gly Pro Ala Pro Thr
130 135 140

Pro Thr Glu Ser Gln Leu Ala Pro Pro Arg Pro Pro Thr Pro Gln Thr
145 150 155 160

Pro Thr Gly Ala Pro Gln Gln Pro Glu Ser Pro Ala Pro His Val Pro
165 170 175

Ser His Gly Pro His Gln Pro Arg Arg Thr Ala Pro Ala Pro Pro Trp
180 185 190

Ala Lys Met Pro Ile Gly Glu Pro Pro Pro Ala Pro Ser Arg Pro Ser
195 200 205

Ala Ser Pro Ala Glu Pro Pro Thr Arg Pro Ala Pro Gln His Ser Arg
210 215 220
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-continued

152

Arg

225

Gly

Glu

Pro

Pro

Arg

305

Ala

Lys

Ala

Ala

Val

385

Tyr

Tyr

Leu

Ile

Val

465

Glu

Val

Ala

Phe

Leu

545

Ser

Leu

Ile

Val

Pro
625

Ala

Lys

Ala

Leu

Thr

290

Ala

Gln

Arg

Ala

Thr

370

His

Glu

Gln

Thr

Leu

450

Gly

Leu

Asn

Leu

Tyr

530

Thr

Val

Arg

Asn

Arg

610

Trp

Arg

Val

Ser

Gly

275

Glu

Glu

Pro

Ala

Lys

355

Lys

Ala

Leu

Ile

Ala

435

Ala

Arg

Ser

Leu

Ser

515

Asn

Arg

Ser

Asn

His

595

His

Asp

Arg

Ala

Gly

260

Gln

Pro

Arg

Asp

Ala

340

Gly

Pro

Leu

Asp

Ala

420

Ala

Leu

Gln

His

Glu

500

Asp

Leu

Gly

Ile

Asn

580

Ile

Phe

Arg

Gly

Thr

245

Ala

Pro

Pro

Arg

Ser

325

Pro

Pro

Pro

Thr

Leu

405

Val

Leu

Asp

Ser

Tyr

485

Val

Ala

Val

Val

Asp

565

Gly

Met

Glu

His

His

230

Gly

Gln

Arg

Pro

Val

310

Ile

Asp

Lys

Lys

Arg

390

His

Val

Gly

Ala

Gly

470

Asn

Leu

Asp

Leu

Leu

550

Gly

Tyr

Pro

Gln

Ile
630

Arg

Pro

Leu

Ser

Ser

295

His

Thr

Leu

Val

Val

375

Ile

Ala

Gly

Ser

Asp

455

Ala

Asp

Pro

Trp

Ala

535

Ser

Ala

Gln

Gly

Gln

615

Ala

Tyr

Ser

Ala

Tyr

280

Pro

Pro

Ala

Asp

Lys

360

Val

Asn

Arg

Leu

Thr

440

Pro

Thr

Ile

Ala

His

520

Asp

Thr

Gln

Asp

Glu

600

Val

Ala

Arg

Ile

Pro

265

Leu

Ser

Asp

Ala

Ala

345

Lys

Ser

Leu

Val

Lys

425

Leu

Gly

Ile

Arg

Pro

505

Phe

Cys

Val

Gln

Leu

585

Pro

Gln

Gly

Thr

Gln

250

Gly

Ala

Pro

Leu

Thr

330

Thr

Val

Gln

Gly

Arg

410

Gly

Ala

Ala

Ala

Ala

490

Glu

Ile

Gly

Ser

Ala

570

Ala

Asn

Pro

Thr

Asp

235

Ala

Thr

Pro

Gln

Ala

315

Thr

Gln

Lys

Arg

Leu

395

Arg

Gly

Gln

Gly

Asp

475

His

Tyr

Ala

Ala

Gly

555

Ser

Ser

Val

Gly

Glu
635

Thr

Arg

Glu

Pro

Arg

300

Ala

Gly

Lys

Pro

Gly

380

Ser

Asn

Ala

Val

Asn

460

Val

Thr

Ser

Asp

Gly

540

Val

Val

Arg

Ala

Arg

620

Ile

Glu

Leu

Pro

Thr

285

Asn

Gln

Gly

Ser

Gln

365

Trp

Pro

Pro

Gly

Arg

445

Leu

Leu

Ser

Ser

Pro

525

Phe

Val

Ala

Ala

Val

605

Val

Ser

Arg

Arg

Ser

270

Arg

Ser

His

Arg

Leu

350

Lys

Arg

Asp

Arg

Lys

430

Ala

Ala

Ala

Val

Ala

510

Ala

Phe

Val

Leu

Cys

590

Lys

Val

Leu

Asn

Ala

255

Pro

Pro

Gly

Ala

Arg

335

Arg

Pro

His

Glu

Gly

415

Thr

Asp

Asp

Glu

Asn

495

Gln

Ser

Asp

Val

Asp

575

Val

Asp

Val

Asp

Val

240

Glu

Ala

Ala

Arg

Ala

320

Arg

Pro

Lys

Trp

Lys

400

Ser

Thr

Arg

Arg

Lys

480

Ala

Arg

Arg

Pro

Ala

560

Trp

Val

Leu

Met

Leu
640
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153 154

-continued

Leu Asp Pro Ile Tyr Lys Arg Lys Val Leu Glu Leu Ala Ala Ala Leu
645 650 655

Ser Asp Asp Phe Glu Arg Ala Gly Arg Arg
660 665

<210> SEQ ID NO 67

<211> LENGTH: 511

<212> TYPE: PRT

<213> ORGANISM: mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: Protein sequence Rv3877

<400> SEQUENCE: 67

Met Ser Ala Pro Ala Val Ala Ala Gly Pro Thr Ala Ala Gly Ala Thr
1 5 10 15

Ala Ala Arg Pro Ala Thr Thr Arg Val Thr Ile Leu Thr Gly Arg Arg
20 25 30

Met Thr Asp Leu Val Leu Pro Ala Ala Val Pro Met Glu Thr Tyr Ile
35 40 45

Asp Asp Thr Val Ala Val Leu Ser Glu Val Leu Glu Asp Thr Pro Ala
50 55 60

Asp Val Leu Gly Gly Phe Asp Phe Thr Ala Gln Gly Val Trp Ala Phe
65 70 75 80

Ala Arg Pro Gly Ser Pro Pro Leu Lys Leu Asp Gln Ser Leu Asp Asp
Ala Gly Val Val Asp Gly Ser Leu Leu Thr Leu Val Ser Val Ser Arg
100 105 110

Thr Glu Arg Tyr Arg Pro Leu Val Glu Asp Val Ile Asp Ala Ile Ala
115 120 125

Val Leu Asp Glu Ser Pro Glu Phe Asp Arg Thr Ala Leu Asn Arg Phe
130 135 140

Val Gly Ala Ala Ile Pro Leu Leu Thr Ala Pro Val Ile Gly Met Ala
145 150 155 160

Met Arg Ala Trp Trp Glu Thr Gly Arg Ser Leu Trp Trp Pro Leu Ala
165 170 175

Ile Gly Ile Leu Gly Ile Ala Val Leu Val Gly Ser Phe Val Ala Asn
180 185 190

Arg Phe Tyr Gln Ser Gly His Leu Ala Glu Cys Leu Leu Val Thr Thr
195 200 205

Tyr Leu Leu Ile Ala Thr Ala Ala Ala Leu Ala Val Pro Leu Pro Arg
210 215 220

Gly Val Asn Ser Leu Gly Ala Pro Gln Val Ala Gly Ala Ala Thr Ala
225 230 235 240

Val Leu Phe Leu Thr Leu Met Thr Arg Gly Gly Pro Arg Lys Arg His
245 250 255

Glu Leu Ala Ser Phe Ala Val Ile Thr Ala Ile Ala Val Ile Ala Ala
260 265 270

Ala Ala Ala Phe Gly Tyr Gly Tyr Gln Asp Trp Val Pro Ala Gly Gly
275 280 285

Ile Ala Phe Gly Leu Phe Ile Val Thr Asn Ala Ala Lys Leu Thr Val
290 295 300

Ala Val Ala Arg Ile Ala Leu Pro Pro Ile Pro Val Pro Gly Glu Thr
305 310 315 320

Val Asp Asn Glu Glu Leu Leu Asp Pro Val Ala Thr Pro Glu Ala Thr
325 330 335
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-continued

156

Ser

Ser

Ile

Ala

385

Gly

Arg

Gly

Leu

Gly

465

Leu

Leu

Glu Glu Thr Pro Thr Trp Gln Ala Ile Ile
340 345

Ala Val Arg Leu Thr Glu Arg Ser Lys Leu

355 360

Gly Tyr Val Thr Ser Gly Thr Leu Ile Leu
370 375

Val Val Val Arg Gly His Phe Phe Val His
390 395

Leu Ile Thr Thr Val Cys Gly Phe Arg Ser
405 410

Trp Cys Ala Trp Ala Leu Leu Ala Ala Thr
420 425

Leu Thr Ala Lys Leu Ile Ile Trp Tyr Pro
435 440

Leu Ser Val Tyr Leu Thr Val Ala Leu Val
450 455

Ser Met Ala His Val Arg Arg Val Ser Pro
470 475

Glu Leu Ile Asp Gly Ala Met Ile Ala Ala
485 490

Trp Ile Thr Gly Val Tyr Asp Thr Val Arg
500 505

<210> SEQ ID NO 68

<211> LENGTH: 280

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:

<223> OTHER INFORMATION: Rv3878 - conserved

protein

<400> SEQUENCE: 68

Met

1

Ala

Val

Ser

Leu

65

Lys

Ser

Ser

Gln

Val
145

Asn

Ala

Ala Glu Pro Leu Ala Val Asp Pro Thr Gly
Lys Leu Ala Gly Leu Val Phe Pro Gln Pro
20 25

Ser Gly Thr Asp Ser Val Val Ala Ala Ile
35 40

Ile Glu Ser Leu Val Ser Asp Gly Leu Pro
50 55

Thr Arg Thr Ala Ser Asn Met Asn Ala Ala

Thr Asp Gln Ser Leu Gly Thr Ser Leu Ser
85 90

Ser Gly Glu Gly Leu Ala Gly Val Ala Ser
100 105

Gln Ala Thr Gln Leu Leu Ser Thr Pro Val
115 120

Leu Gly Glu Thr Ala Ala Glu Leu Ala Pro
130 135

Pro Gln Leu Val Gln Leu Ala Pro His Ala
150 155

Ala Ser Pro Ile Ala Gln Thr Ile Ser Gln
165 170

Gln Ser Ala Gln Gly Gly Ser Gly Pro Met
180 185

Ala

Ala

Ala

380

Ser

Arg

Val

His

Ala

460

Val

Ile

Asn

hypothetical alanine rich

Leu

Pro

Asn

Gly

60

Ala

Gln

Val

Ser

Arg
140
Val

Thr

Pro

Ser

Lys

365

Ala

Leu

Leu

Ala

Tyr

445

Leu

Val

Ile

Ile

Ser

Ala

Glu

45

Val

Asp

Tyr

Gly

Gln

125

Val

Gln

Ala

Ala

Val

350

Gln

Gly

Val

Tyr

Ile

430

Ala

Val

Lys

Pro

Arg
510

Ala

Pro

30

Thr

Lys

Val

Ala

Gly

110

Val

Val

Met

Gln

Gln
190

Pro

Leu

Ala

Val

Ala

415

Pro

Trp

Val

Arg

Met

495

Phe

Ala

Ile

Met

Ala

Tyr

Phe

95

Gln

Thr

Ala

Ser

Gln

175

Leu

Ala

Leu

Ile

Ala

400

Glu

Thr

Leu

Val

Thr

480

Leu

Ala

Ala

Pro

Ala

Ala

Gly

Pro

Thr

Thr

Gln

160

Ala

Ala
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157

-continued

158

Ser Ala Glu Lys Pro Ala Thr Glu Gln Ala Glu Pro

195 200

Thr Asn Asp Asp Gln Gly Asp Gln Gly Asp Val Gln
210 215 220

Val Ala Ala Ala Arg Asp Glu Gly Ala Gly Ala Ser

225

230 235

Pro Gly Gly Gly Val Pro Ala Gln Ala Met Asp Thr

245 250

Arg Pro Ala Ala Ser Pro Leu Ala Ala Pro Val Asp

260 265

Ala Pro Ser Thr Thr Thr Thr Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

275 280

SEQ ID NO 69

LENGTH: 729

TYPE: PRT

ORGANISM: Mycobacterium tuberculosis
FEATURE:

OTHER INFORMATION: Rv3879c - hypothetical
protein

SEQUENCE: 69

Met Ser Ile Thr Arg Pro Thr Gly Ser Tyr Ala Arg

1

5 10

Pro Gly Gly Trp Val Glu Ala Asp Glu Asp Thr Phe

20 25

Gln Glu Tyr Ser Gln Val Leu Gln Arg Val Thr Asp

35 40

Cys Arg Gln Gln Lys Gly His Val Phe Glu Gly Gly

50

55 60

Gly Ala Ala Asn Ala Ala Asn Gly Ala Leu Gly Ala

65

70 75

Leu Met Thr Leu Gln Asp Tyr Leu Ala Thr Val Ile

85 90

His Ile Ala Gly Leu Ile Glu Gln Ala Lys Ser Asp

100 105

Val Asp Gly Ala Gln Arg Glu Ile Asp Ile Leu Glu

115 120

Leu Asp Ala Asp Glu Arg His Thr Ala Ile Asn Ser
130 135 140

Thr His Gly Ala Asn Val Ser Leu Val Ala Glu Thr

145

150 155

Leu Glu Ser Lys Asn Trp Lys Pro Pro Lys Asn Ala

165 170

Leu Gln Gln Lys Ser Pro Pro Pro Pro Asp Val Pro

180 185

Pro Ser Pro Gly Thr Pro Gly Thr Pro Gly Thr Pro

195 200

Thr Pro Ile Thr Pro Gly Thr Pro Ile Thr Pro Ile
210 215 220

Val Thr Pro Ile Thr Pro Thr Pro Gly Thr Pro Val

225

230 235

Pro Gly Lys Pro Val Thr Pro Val Thr Pro Val Lys

245 250

Gly Glu Pro Thr Pro Ile Thr Pro Val Thr Pro Pro

260 265

Val His

205

Pro Ala

Pro Gly

Gly Ala

Pro Ser
270

alanine

Gln Met

Tyr Asp

Val Leu

45

Leu Trp

Asn Ile

Thr Trp

Ile Gly

110

Asn Asp
125

Leu Val

Ala Glu

Leu Glu

Thr Leu
190

Ile Thr

205

Pro Gly

Thr Pro

Pro Gly

Val Ala
270

Glu

Glu

Gln

Gly

255

Thr

and

Leu

15

Arg

Asp

Ser

Asn

His

Asn

Pro

Thr

Arg

Asp

175

Val

Pro

Ala

Val

Thr

255

Pro

Val
Val
Gln
240

Ala

Pro

proline rich

Asp

Ala

Thr

Gly

Gln

80

Arg

Asn

Ser

Ala

Val

160

Leu

Val

Gly

Pro

Thr
240

Pro

Ala
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160

Thr

Pro

Thr

305

Gly

Pro

Ala

Gly

Val

385

Ala

Lys

Pro

Glu

Ala

465

Arg

Leu

Thr

Leu

Ala

545

Thr

Thr

Pro

Gly

Ala

625

Pro

Leu

Glu

Glu

Pro

Gln

290

Pro

Gly

Gly

His

Val

370

Gly

Gly

Ala

Ala

Ser

450

Arg

Gly

Asn

Ala

Ala

530

Ser

Tyr

Leu

Gly

Lys

610

Ala

Pro

Trp

Ala

Ile
690

Ala

275

Pro

Ala

Glu

Val

Ala

355

Pro

Ala

Ser

Ala

Arg

435

Ala

Ala

Arg

Ala

Val

515

Tyr

Ala

Pro

Arg

Val

595

Met

Gln

Ala

Phe

Ala

675

Ala

Thr

Ala

Thr

Pro

Pro

340

Asp

Gly

Gly

His

Ala

420

Pro

Asp

Ala

Gly

Ser

500

Thr

Ile

Asp

Val

Ala

580

Ala

Thr

Leu

Pro

Glu

660

His

Leu

Pro

Pro

Pro

Ala

325

Gly

Glu

Ala

Ala

Ala

405

Pro

Pro

Asp

Arg

Asp

485

Asp

Thr

Pro

His

Leu

565

Val

Lys

Gly

Ala

Val

645

Leu

Leu

His

Ala

Ala

Gly

310

Pro

Gln

Ser

Arg

Arg

390

Ala

Ser

Ser

Gly

Asp

470

Ala

Asn

Asp

Asp

Ala

550

Ala

Ile

Ile

Arg

Asp

630

Asp

Met

Arg

Gln

Thr

Pro

295

Pro

His

His

Ala

Ala

375

Ser

Thr

Thr

Thr

Thr

455

Ala

Leu

Asn

Gly

Gly

535

Ile

Val

Gly

Val

Ser

615

Thr

Val

Lys

Ala

Ala
695

Pro

280

Ala

Ser

Val

Ala

Ala

360

Ala

Ser

Gly

Arg

Asp

440

Pro

Ala

Arg

Ala

Ser

520

Met

Pro

Gln

Thr

Leu

600

Arg

Thr

Asn

Pro

Phe

680

His

Val

Pro

Gly

Lys

Gly

345

Ser

Ala

Val

Arg

Ala

425

His

Val

Thr

Leu

Gly

505

Ile

Glu

Val

Ala

Ala

585

Glu

Leu

Asp

Pro

Met

665

Arg

Thr

Thr

Ser

Pro

Pro

330

Gly

Val

Ala

Gly

Ala

410

Ala

Ile

Ser

Ala

Ala

490

Asp

Val

Leu

Asp

Trp

570

Glu

Pro

Glu

Gln

Pro

650

Thr

Ala

Ala

Pro

Pro

Ala

315

Ala

Gly

Thr

Ala

Thr

395

Pro

Ser

Asp

Met

Ala

475

Arg

Tyr

Val

Pro

Glu

555

Ala

Gln

Asp

Val

Arg

635

Gly

Ser

Tyr

Thr

Ala

Gly

300

Thr

Ala

Thr

Pro

Pro

380

Ala

Val

Ala

Lys

Ile

460

Ala

Arg

Gly

Ala

Asn

540

Ile

Ala

Leu

Asp

Val

620

Leu

Asp

Thr

Ala

Asp
700

Pro

285

Pro

Pro

Leu

Gln

Ala

365

Ser

Ala

Ala

Arg

Pro

445

Pro

Ser

Ile

Phe

Asn

525

Lys

Ala

Phe

Ala

Ile

605

Asp

Leu

Glu

Ala

Ala

685

Ala

Ala

Gln

Gly

Ala

Ser

350

Ala

Gly

Ala

Thr

Thr

430

Asp

Val

Ala

Ala

Phe

510

Ser

Val

Arg

His

Ser

590

Pro

Pro

Asp

Arg

Thr

670

His

Ala

Pro

Pro

Thr

Glu

335

Gly

Ala

Thr

Ser

Ser

415

Ala

Arg

Ser

Arg

Ala

495

Trp

Tyr

Tyr

Cys

Asp

575

Ser

Glu

Ser

Leu

His

655

Gly

Ser

Val

His

Val

Pro

320

Gln

Pro

Ser

Ala

Gly

400

Asp

Pro

Ser

Ala

Gln

480

Ala

Ile

Gly

Leu

Ala

560

Met

Asp

Ser

Ala

Leu

640

Met

Arg

Gln

Gln
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161

-continued

162

Arg Val Ala Val Ala Asp Trp Leu Tyr Trp Gln Tyr Val Thr Gly Leu
705 710 715 720

Leu Asp Arg Ala Leu Ala Ala Ala Cys
725

<210> SEQ ID NO 70

<211> LENGTH: 115

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: Rv3880c - conserved hypothetical protein

<400> SEQUENCE: 70

Val Ser Met Asp Glu Leu Asp Pro His Val Ala Arg Ala Leu Thr Leu
1 5 10 15

Ala Ala Arg Phe Gln Ser Ala Leu Asp Gly Thr Leu Asn Gln Met Asn
20 25 30

Asn Gly Ser Phe Arg Ala Thr Asp Glu Ala Glu Thr Val Glu Val Thr
35 40 45

Ile Asn Gly His Gln Trp Leu Thr Gly Leu Arg Ile Glu Asp Gly Leu
50 55 60

Leu Lys Lys Leu Gly Ala Glu Ala Val Ala Gln Arg Val Asn Glu Ala
65 70 75 80

Leu His Asn Ala Gln Ala Ala Ala Ser Ala Tyr Asn Asp Ala Ala Gly
85 90 95

Glu Gln Leu Thr Ala Ala Leu Ser Ala Met Ser Arg Ala Met Asn Glu
100 105 110

Gly Met Ala
115

<210> SEQ ID NO 71

<211> LENGTH: 460

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: Rv388lc - conserved hypothetical alanine and
glycine rich protein

<400> SEQUENCE: 71

Met Thr Gln Ser Gln Thr Val Thr Val Asp Gln Gln Glu Ile Leu Asn
1 5 10 15

Arg Ala Asn Glu Val Glu Ala Pro Met Ala Asp Pro Pro Thr Asp Val
20 25 30

Pro Ile Thr Pro Cys Glu Leu Thr Ala Ala Lys Asn Ala Ala Gln Gln
35 40 45

Leu Val Leu Ser Ala Asp Asn Met Arg Glu Tyr Leu Ala Ala Gly Ala
50 55 60

Lys Glu Arg Gln Arg Leu Ala Thr Ser Leu Arg Asn Ala Ala Lys Ala
65 70 75 80

Tyr Gly Glu Val Asp Glu Glu Ala Ala Thr Ala Leu Asp Asn Asp Gly
Glu Gly Thr Val Gln Ala Glu Ser Ala Gly Ala Val Gly Gly Asp Ser
100 105 110

Ser Ala Glu Leu Thr Asp Thr Pro Arg Val Ala Thr Ala Gly Glu Pro
115 120 125

Asn Phe Met Asp Leu Lys Glu Ala Ala Arg Lys Leu Glu Thr Gly Asp
130 135 140

Gln Gly Ala Ser Leu Ala His Phe Ala Asp Gly Trp Asn Thr Phe Asn
145 150 155 160
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164

Leu

Glu

Gln

Ala

Thr

225

Ser

Ser

Val

Pro

Asp

305

Val

Ala

Val

Pro

Pro

385

Gly

Ala

Asp

Gly

<210>
<211>
<212>
<213>
<220>
<223>

Thr

Gly

Trp

Gln

210

Tyr

Ala

Glu

Asn

Pro

290

Gly

Pro

Gln

Ala

Ser

370

Ala

Gly

His

Glu

Asn
450

Leu

Asp

Ile

195

Tyr

Glu

Arg

Lys

Pro

275

Gln

Ser

Pro

Leu

Val

355

Ala

Gly

Ala

Gln

Ala
435

Arg

Gln

Ala

180

Leu

Val

Asp

Asp

Val

260

Pro

Glu

Gly

Thr

Thr

340

Lys

Pro

Ala

Ala

Gly
420

Leu

Arg

PRT

<400> SEQUENCE:

Gly

165

Ala

His

Ala

Ile

Gln

245

Leu

Lys

Gln

Val

Gly

325

Ser

Ala

Leu

Gly

Leu
405
Gln

Tyr

Arg

SEQ ID NO 72
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis
FEATURE:
OTHER INFORMATION: Rv3882c - possible

462

72

Met Arg Asn Pro Leu

1

5

Ala Ser Ala Leu Ala

20

Tyr Trp Trp Ala Gly

35

Thr Val Thr Phe Tyr

50

Asp

Thr

Met

Gln

Val

230

Ile

Thr

Pro

Gly

Thr

310

Ser

Ala

Ala

Gly

Asp

390

Gly

Gly

Thr

Gln

Gly

Pro

Ile

Gly

Val

Ala

Ala

Leu

215

Gly

Leu

Glu

Pro

Leu

295

Pro

Pro

Gly

Ser

Ser

375

Ile

Gly

Gly

Glu

Asp
455

Leu

Pro

Ala

Arg
55

Lys

Cys

Lys

200

His

Leu

Pro

Tyr

Pro

280

Ile

Gly

Gly

Arg

Leu

360

Ala

Ala

Gly

Ala

Asp
440

Ser

Arg

Cys

Leu

40

Arg

Arg

Glu

185

Leu

Val

Glu

Val

Asn

265

Ala

Pro

Thr

Gly

Glu

345

Gly

Ile

Gly

Gly

Lys

425

Arg

Lys

Phe
Ile
25

Ala

Ile

Phe

170

Ala

Ser

Trp

Arg

Tyr

250

Asn

Ile

Gly

Gly

Gly

330

Ala

Gly

Gly

Leu

Met
410
Ser

Ala

Glu

Ser
10
Ile

Ser

Thr

Arg

Ser

Ala

Ala

Leu

235

Ala

Lys

Lys

Phe

Met

315

Leu

Ala

Gly

Gly

Gly

395

Gly

Lys

Trp

Ser

Thr

Ala

Leu

Gly

Gly

Leu

Ala

Arg

220

Tyr

Glu

Ala

Ile

Leu

300

Pro

Pro

Ala

Gly

Ala

380

Gln

Met

Gly

Thr

Lys
460

conserved membrane protein

Gly

Phe

Gly

Trp
60

Phe

Asp

Met

205

Arg

Ala

Tyr

Ala

Asp

285

Met

Ala

Ala

Leu

Gly

365

Glu

Gly

Pro

Ser

Glu
445

His

Leu

Val

45

Val

Asp

Gln

190

Ala

Glu

Glu

Gln

Leu

270

Pro

Pro

Ala

Asp

Ser

350

Gly

Ser

Arg

Met

Gln
430

Ala

Ala
Glu
30

Ile

Ala

Asn

175

Gln

Lys

His

Asn

Gln

255

Glu

Pro

Pro

Pro

Thr

335

Gly

Gly

Val

Ala

Gly

415

Gln

Val

Leu
15
Thr

Val

Ala

Trp

Arg

Gln

Pro

Pro

240

Arg

Pro

Pro

Ser

Met

320

Ala

Asp

Val

Arg

Gly

400

Ala

Glu

Ile

Leu

Arg

Ala

Val
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166

Tyr

65

Pro

Trp

Phe

Leu

Leu

145

Ala

Ala

Arg

Ala

Ser

225

Gly

Val

Ala

Lys

305

Pro

Pro

Pro

Asp

Ala

385

Gly

Thr

Asn

Ser

Ala

Val

Gln

Thr

Asp

130

Glu

Pro

Pro

Thr

Arg

210

His

Ala

Arg

Trp

Pro

290

Pro

Ala

Ile

Val

Ala

370

Met

Ala

Tyr

Val

Pro
450

Trp

Val

Gly

Pro

115

Thr

Ala

Asp

Ala

Arg

195

Tyr

Gly

Thr

Asp

Trp

275

Gly

Lys

Leu

Gly

Tyr

355

Gln

Val

His

Leu

Ile

435

Pro

Leu

Gly

Glu

100

Thr

Gly

Asp

Val

Asn

180

Lys

Leu

Val

Asp

Ala

260

Ser

Met

Thr

Gln

Ser

340

Met

Thr

Thr

Ile

Gly

420

Gly

Glu

Arg

Ala

85

Phe

Val

Leu

Ile

Val

165

Arg

Ser

Val

Asp

Ile

245

Tyr

Ala

Ala

Pro

Gly

325

Ala

Pro

Phe

Val

Gly

405

Pro

Thr

Glu

<210> SEQ ID NO 73

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium tuberculosis

PRT

446

Arg

70

Thr

Leu

Ile

Val

Val

150

Ser

Arg

Ala

Ala

Ala

230

Gly

Thr

Arg

Pro

Arg

310

Gln

Gly

Phe

Thr

Gly

390

Gln

His

Pro

Ser

Arg

Val

Val

Val

Glu

135

Ser

Leu

Thr

Gln

Ser

215

Val

Phe

Ala

Ala

Gln

295

Gly

His

Val

Asp

Gln

375

Pro

Glu

Pro

Arg

Arg
455

Arg

Lys

Ala

Asp

120

Glu

Ala

Tyr

Trp

Arg

200

Ala

Cys

Val

Ala

Asp

280

Ser

Phe

Leu

Leu

Asp

360

Phe

Gln

Val

Gly

His

440

Tyr

Arg

Pro

Val

105

Gly

Leu

Gly

Gln

Ile

185

Arg

Thr

Gly

Arg

Tyr

265

His

Thr

Ala

Val

Val

345

Val

Val

Phe

Lys

Ile

425

Arg

Gln

Pro

Gly

90

Ile

Gln

Leu

Tyr

Gln

170

Val

Asp

Arg

Arg

Glu

250

Ala

Thr

Val

Arg

Ala

330

Gly

Asp

Val

Glu

Val

410

Asp

Gln

Met

Pro

75

Asp

Glu

Ala

Ser

Arg

155

Val

Leu

Glu

Ile

Ser

235

Lys

Ala

Ile

Leu

Leu

315

Asn

Glu

Ile

Arg

Glu

395

Ala

Arg

Leu

Ala

Asp

His

Leu

His

Val

140

Val

Ile

Arg

Gly

Ala

220

Phe

Trp

Pro

Thr

Leu

300

Phe

Arg

Thr

Ala

Ala

380

Phe

Trp

Val

Pro

Leu
460

Ser

Val

Ile

Thr

125

His

Gly

Gly

Ala

Val

205

Asp

Asp

Ser

Gly

Arg

285

Thr

Gly

His

Val

Leu

365

Ala

Ala

Pro

Ile

Ile

445

Pro

Ser

Ala

Pro

110

Asp

Cys

Asn

Thr

Asp

190

Ala

Arg

Asp

Met

Gly

270

Val

Thr

Gly

Cys

Asn

350

Asn

Ala

Arg

Asn

Leu

430

Arg

Lys

Ser

Val

95

Arg

Asp

Pro

Thr

Asp

175

Pro

Gly

Leu

Tyr

Ile

255

Pro

Arg

Ala

Gln

Gln

335

Arg

Leu

Ala

Leu

Ala

415

Arg

Arg

Glu

80

Arg

Pro

Met

Asp

Ala

160

Pro

Glu

Leu

Ala

Asp

240

Lys

Asp

Val

Asp

Arg

320

Leu

Cys

Gly

Gly

Ile

400

Thr

His

Val
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-continued

168

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

Val His Arg Ile

1

Ser

Pro

Cys

Trp

65

Gly

Pro

Asn

Ile

Asp

145

Val

Gly

Gly

Arg

Asn

225

Asp

Arg

Pro

Ser

Asn

305

Gly

Tyr

Thr

Gly

Ala
385

Pro

Pro

Ala

50

Ser

Ala

Arg

Gly

Ala

130

Ala

Gly

Ser

Val

Pro

210

Val

Cys

Gly

Leu

Phe

290

Ile

Arg

Val

Pro

Gly

370

Ala

Ala

Asp

35

Ser

Asn

Gly

Val

Leu

115

Gly

Arg

Ser

Ile

Gly

195

Ile

Lys

Val

Trp

Val

275

Ser

Val

Glu

Ser

Ala
355

Gly

Leu

Ser

20

Val

Pro

Thr

Val

Pro

100

Ser

Arg

Leu

Gln

Arg

180

Val

Asp

Gly

Gln

Asn

260

Leu

Met

Ala

Gly

Gly

340

Gln

Val

Thr

73

Phe

Ala

Thr

Thr

Tyr

Thr

85

Ala

Asp

Pro

Leu

Ala

165

Ser

Ile

Glu

Val

Asn

245

Asn

Ser

His

Leu

Pro

325

Leu

Ile

Asp

Trp

Leu

Ile

Gly

Thr

Leu

70

Val

Glu

Cys

Ala

Ser

150

Asn

Leu

Asn

Thr

Val

230

Pro

Val

Val

Gly

Gly

310

Val

Ala

Ile

Asp

Asp
390

Rv3883c - possible

Ile

Thr

Pro

Leu

55

Gly

Ala

Pro

Asp

Pro

135

Leu

Pro

Ala

Ile

Ser

215

Val

Ala

Gln

Gly

Pro

295

Asp

Pro

Ala

His

Leu
375

Ile

Thr

Pro

Asp

40

Pro

Val

Val

Gly

Ala

120

Thr

Arg

Asn

Arg

Ser

200

Leu

Val

Pro

Thr

Gly

280

Trp

Thr

Ile

Leu

Arg
360

Val

Pro

Val

Pro

25

Gln

Gly

Ala

Ile

Gly

105

His

Asp

Gln

Asp

Ala

185

Glu

Gly

Val

Asp

Val

265

Ile

Val

Gly

Ala

Leu
345
Ile

Gly

Pro

Ala

10

Pro

Pro

Ser

Asp

Asp

Asp

Gly

Gly

Thr

Pro

170

Val

Ala

Ala

Ala

Pro

250

Val

Gly

Asp

Glu

Gly

330

Arg

Thr

Ala

Gly

Leu

Ile

Thr

Gly

Ala

75

Thr

Phe

Thr

Phe

Ser

155

Asn

Val

Ala

Ser

Ala

235

Ser

Thr

Gln

Val

Pro

315

Thr

Gln

Ala

Gly

Pro
395

secreted protease

Ala

Asp

Glu

Phe

60

His

Gly

Val

Leu

Val

140

Glu

Ala

His

Cys

Ile

220

Gly

Thr

Pro

Thr

Ala

300

Val

Ser

Arg

Thr

Val

380

Ala

Leu

Pro

Gln

45

His

Lys

Val

Asp

Thr

125

Gly

Ala

Thr

Ala

Tyr

205

Asp

Asn

Pro

Ala

Gly

285

Ala

Asn

Phe

Phe

Ala
365

Ile

Ser

Leu

Gly

Arg

Asp

Phe

Asp

Gln

110

Ala

Val

Phe

Pro

Ala

190

Lys

Tyr

Thr

Gly

Trp

270

Met

Pro

Ala

Ala

Pro
350
Arg

Asp

Ala

Thr

15

Ala

Val

Pro

Ala

Ala

Ala

Ser

Ala

Glu

Ala

175

Asn

Val

Ala

Gly

Asp

255

Tyr

Pro

Ala

Leu

Ala

335

Asp

His

Ala

Pro

Ala

Leu

Leu

Pro

Thr

80

Ser

Gly

Ile

Pro

Pro

160

Ala

Leu

Ser

Val

Gly

240

Pro

Ala

Ser

Glu

Gln

320

Ala

Leu

Pro

Val

Tyr
400
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-continued

170

Asn Val Arg

Arg Pro Ile

Arg Leu Pro Pro Pro Val Val Glu

Thr
420

405

Ala

Leu Gly Leu Gly Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400>

435

PRT

SEQUENCE :

Met Ser Arg Met

1

His

Ala

Asp

Leu

65

Arg

Gly

Ala

Asn

Ala

145

Ser

Val

Gly

Gly

Ala

225

Val

Ile

Lys

Arg

Ser
305

Phe

Leu

Ala

50

Lys

Ile

Ile

Leu

Arg

130

Arg

Thr

Thr

Gln

His

210

Ile

Arg

Trp

Glu

Thr

290

Arg

Asp

Pro

35

Trp

Gln

Gly

Thr

Thr

115

Glu

Ala

Ala

Ala

Gly

195

Ser

Gly

Gly

Leu

Ala

275

Ile

Asp

Arg

20

Glu

Leu

Leu

Arg

Val

100

Ile

Leu

Phe

Ala

Ser

180

Arg

Arg

Pro

Met

Ser

260

Leu

Ala

Gln

SEQ ID NO 74
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis
FEATURE:
OTHER INFORMATION: Rv3884c - probable

619

74

Val

5

Ala

Phe

Gly

Asn

Thr

85

Thr

Ala

Leu

Leu

Glu

165

Ile

Val

Ser

Ala

Val

245

Lys

Ala

Ser

Leu

410

Val Ala Leu Val Ala Val

425

Leu Ala Arg Arg Ala Leu

Asp

Met

Val

Arg

Ala

70

Leu

Asp

Gly

Asp

Met

150

Asp

Cys

Ala

Ser

Asp

230

Tyr

Ala

Asp

Arg

Asp
310

Thr

Thr

Ala

Ile

55

His

Ala

Ala

Glu

Ser

135

Tyr

Leu

Ala

Leu

Glu

215

Ile

Arg

Thr

Pro

Ser

295

Asp

440

Met

Ile

Ala

40

Ala

Ser

Ala

Ser

Tyr

120

Trp

Val

Pro

Leu

Asp

200

Arg

Pro

Gln

Ile

Asn

280

Asp

Asp

Gly

Lys

25

Thr

Cys

Glu

Glu

Gln

105

Ala

Arg

Thr

Pro

Ala

185

Trp

Phe

Leu

Leu

Asn

265

Leu

Arg

Asn

Asp

10

Asn

Glu

Gly

Trp

Val

90

Val

Lys

Asn

Gln

Gln

170

Ala

Leu

Gly

Leu

His

250

Gly

Arg

Trp

Ala

Leu

Gly

Ala

Asp

Leu

75

Gln

Gly

Ala

Tyr

Arg

155

Ala

His

Asp

Ala

Val

235

Glu

Val

Leu

Asp

Ala
315

Pro Gly Pro Asp Arg
415

Gly Leu Thr Leu Ala
430

Ser Arg Arg
445

CBXX/CFQX family protein

Leu Thr Ala Arg Arg
Gln Gly Cys Val Ala
30

Asp Pro Ser Met Ala
45

Arg Asp Leu Ala Ser
60

His Arg Glu Thr Thr
80

Leu Gly Pro Ser Ile
95

Leu Ala Leu Ser Ser
110

Asp Ala Leu Leu Ala
125

Gln Trp His Gln Leu
140

Trp Pro Asp Val Leu
160

Ile Val Met Pro Ala
175

Ala Ala Ala His Leu
190

Arg Val Asp Val Ile
205

Asp Val Leu Thr Ala
220

Ala Asp Leu Ala Tyr
240

Glu Asp Lys Ala Gln
255

Leu Thr Asp Ala Ala
270

Ile Val Thr Asp Glu
285

Ala Ser Thr Ala Lys
300

Gln Arg Arg Gly Glu
320
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-continued

172

Leu

Ala

Met

Met

Ala

385

Ile

Ser

Ile

Thr

Leu

465

Asp

Phe

Glu

Ala

Thr

545

Phe

Val

Gln

Ser

<210>
<211>
<212>
<213>
<220>
<223>

Leu

Val

Met

Leu

370

Leu

Arg

Gly

Phe

Pro

450

Glu

Gln

Asn

Ile

Ala

530

Thr

Ala

Val

Ile

Asp
610

Ala

Lys

Arg

355

Leu

Gly

Glu

Pro

Met

435

Asp

Thr

Val

Arg

Gly

515

Arg

Pro

Arg

Ala

Ile
595

Asn

Glu Gly
325

Gln Ala
340

Leu Glu

Val Gly

Lys Ile

Val Arg
405

Lys Thr
420

Asp Glu

Met Ile

His Arg

Asp Glu
485

Lys Leu
500

His Arg

Glu Val

Ser Gly

Asn Val
565

Gln Lys
580

Thr Ala

Arg Asp

SEQ ID NO 75
LENGTH: 537

TYPE :
ORGANISM: Mycobacterium tuberculosis
FEATURE:
OTHER INFORMATION: Rv3885c - possible

PRT

<400> SEQUENCE: 75

Arg

Val

His

Pro

Tyr

390

Arg

Asn

Phe

Gly

Phe

470

Phe

Arg

Tyr

Phe

Gln

550

Ile

Arg

Thr

Met

Leu Thr Ser Lys Leu Thr

1

Ala

5

Gly Val Trp Thr Val

20

Gly Gly Gln Leu Gly Ala

Val

35

Phe Val Gln Trp Trp

50

Glu

Ser

Gly

Pro

375

Ala

Ser

Glu

Tyr

Met

455

Asp

Leu

Phe

Ala

Leu

535

His

Glu

Ala

Asp

Ala
615

Gly

Phe

Val

Gly
55

Leu

Ala

Leu

360

Gly

Gly

Asp

Leu

Ser

440

Glu

Phe

Thr

Glu

Thr

520

Asp

Gly

Arg

Gly

Ile
600

Ala

Phe

Val

Met

40

Gln

Leu

Leu

345

Pro

Thr

Met

Phe

Ile

425

Leu

Ala

Cys

Val

Ser

505

Pro

Ala

Ile

Ala

Gln
585

Asp

Ile

Ala

330

Glu

Val

Gly

Gly

Cys

410

Glu

Ile

Val

Phe

Asn

490

Tyr

Arg

Val

Asp

Glu
570
Pro

Ala

Val

Lys

Asp

Glu

Lys

Ile

395

Gly

Lys

Glu

Asn

Ile

475

Pro

Ser

Ala

Thr

Ala

555

Gly

Val

Ala

Trp

Ser Pro Arg

10

Leu Ala Ser

25

Ala Val Val

Pro Ala Trp

Gln Val Gly Leu

Gln

Gly

Thr

380

Val

His

Ser

Arg

Gln

460

Gly

Gly

Pro

Ser

Thr

540

Met

Phe

Ser

Ile

conserved membrane protein

Ser

Ala

Val

Ser
60

Leu

Gln

365

Thr

Arg

Tyr

Leu

His

445

Leu

Ala

Leu

Val

Gln

525

Ile

Gln

Arg

Val

Arg
605

Ala

Gly

Gly

45

Trp

Glu

350

Thr

Thr

His

Ile

Gly

430

Gln

Leu

Gly

Ala

Glu

510

Leu

Arg

Asn

Asp

Gln
590

Ser

Arg
Trp
30

Val

Ala

335

Val

Asn

Ala

Pro

Gly

415

Arg

Asp

Val

Tyr

Gly

495

Ile

Asp

Asn

Gly

Thr
575

Asp

Val

Arg
15
Ala

Ala

Val

Ala

Arg

His

Glu

Glu

400

Glu

Ile

Gly

Gln

Glu

480

Arg

Val

Asp

Tyr

Arg

560

Arg

Leu

Cys

Val

Leu

Leu

Leu
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-continued

174

Gly

65

Ala

Val

Thr

Leu

Ser

145

Arg

Glu

Leu

Arg

Thr

225

Val

Trp

Leu

Thr

Pro

305

Gly

Glu

Arg

Val

385

Gly

Ala

Ala

Asn

Ser

465

Thr

Leu

Asn

Val

Gly

Ala

130

Val

Val

Thr

Arg

Val

210

Ala

Ala

Met

Ser

Val

290

Thr

Glu

Leu

Ile

Leu

370

Ala

Ala

Ser

Pro

Gly

450

Pro

Ser

Arg

Asn

Ala

Ser

115

Pro

Val

Tyr

Trp

Trp

195

Ala

Thr

Gly

Thr

Gln

275

Tyr

Pro

Gln

Arg

Gly

355

Met

Ala

Gly

Val

Arg

435

Asp

Thr

Leu

Gly

Arg

Val

100

Val

Leu

Thr

Asp

Leu

180

Arg

Ser

Asp

Ser

Thr

260

Ala

Pro

Ala

Ala

Gly

340

Pro

Ile

Asp

Glu

Arg

420

Thr

Asp

Pro

Ser

Arg

Ser

85

Gln

Thr

Leu

Phe

Ala

165

Ile

Thr

Ser

Leu

Ala

245

Tyr

Trp

Asp

Pro

Ala

325

Gln

Ser

Pro

Asp

Arg

405

Met

Thr

Gly

Arg

Glu
485

Arg

70

Gly

Leu

Val

Arg

Gly

150

Glu

Met

Ser

Leu

Ala

230

Gln

Ala

Thr

Ala

Thr

310

Ala

Arg

Gly

Val

Thr

390

Val

Pro

Val

Lys

Pro

470

Ser

Pro

Gly

Leu

Glu

His

135

Ser

Ile

Arg

Val

Arg

215

Glu

Arg

Tyr

Leu

Thr

295

Pro

Ala

Arg

Val

Thr

375

Ile

Cys

Gln

Gly

Ser

455

Ala

Asp

Val

Gly

Gly

Ser

120

Pro

Arg

Gly

Leu

Gly

200

Cys

Leu

Trp

Pro

Arg

280

Cys

Pro

Ala

Cys

Leu

360

Asp

Ala

Val

Leu

Val

440

Glu

Ser

Arg

Lys

Val

Arg

105

Asp

Leu

Thr

Thr

Pro

185

Ala

Gln

Asp

Lys

Ala

265

Ala

Thr

Ser

Ala

Pro

345

Ile

Ala

Lys

His

Ser

425

Val

Gly

Val

His

Trp

Arg

90

Ala

Asn

Asp

Gly

Pro

170

Val

Ala

Gly

Arg

Ala

250

Glu

Asp

Ala

Val

Asn

330

Leu

Gly

Gly

Arg

Thr

410

Ile

Glu

Ser

Ile

Gly
490

Asn

75

Val

His

Val

Leu

Thr

155

Pro

Ile

Ala

Leu

Arg

235

Ile

Ala

Glu

Thr

Ile

315

Met

Pro

Lys

Glu

Ile

395

Arg

Val

Tyr

Gly

Thr

475

Phe

Asp

Gln

Arg

Ile

Glu

140

Val

Tyr

Gly

Ile

Arg

220

Leu

Arg

Ile

Val

Ile

300

Leu

Cys

Ala

Leu

Leu

380

Val

Asp

Gly

Val

Val

460

Ile

Glu

Pro

Asp

Ala

Asp

125

Leu

Gly

Ala

Asn

Ser

205

Ala

Gly

Gly

Ser

Ile

285

Thr

Arg

Gly

Gln

Ser

365

Ser

Ile

Gln

Thr

Arg

445

Asp

Ala

Val

Ile

Gly

Thr

110

Val

Asp

Asp

Gly

Thr

190

Val

Lys

Ser

Glu

Ser

270

Gln

Val

Arg

Pro

Leu

350

Asn

Arg

Arg

Glu

Pro

430

Arg

Val

Arg

Thr

Thr

Val

95

Thr

Val

Ser

Tyr

Arg

175

Gln

Ala

Leu

Asp

Ala

255

Arg

Asn

Arg

Leu

Arg

335

Val

Gly

Val

Val

Arg

415

Arg

Arg

Ala

Pro

Ile
495

Leu

80

Ala

Val

Glu

Ile

Pro

160

Arg

Ala

Gln

Ala

Ala

240

Gly

Val

Val

Thr

Asn

320

Pro

Thr

Asp

Phe

Val

400

Trp

Pro

Lys

Ile

Gly

480

Glu
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175

176

-continued

Gln Ile Asp Arg Ala Thr Val Lys Val Gly Ala Ala Gly Gln Asn Trp

500 505
Leu Val

515 520 525
Glu Pro Val Thr Met Ser Ile Gly Arg

530 535

510

Glu Met Glu Met Phe Arg Ala Glu Asn Arg Tyr Val Ser Leu

The invention claimed is:

1. A strain of M. microti, wherein said strain has integrated
all or part of the fragment, named RD1-2F9, of 31808 pb of
DNA originating from Mycobacterium tuberculosis or any
virulent member of the Mycobacterium tuberculosis complex
(M. africanum, M. bovis, M. canettii), designated as SEQ 1D
NO: 1 and which is responsible for enhanced immunogenic-
ity and increased persistence of BCG to the tubercle bacilli.

2. A strain of M. microti according to claim 1, wherein said
strain has integrated all or part of the fragment of DNA
originating from Mycobacterium tuberculosis or any virulent
member of the Mycobacterium tuberculosis complex (M.
africanum, M. bovis, M. canettii) designated as SEQ ID NO:
2 responsible for enhanced immunogenicity and increased
persistence of BCG to the tubercle bacilli.

3. A strain of M. microti according to claim 1, wherein said
strain has integrated all or part of the fragment of DNA
originating from Mycobacterium tuberculosis or any virulent
member of the Mycobacterium tuberculosis complex (M.
africanum, M. bovis, M. canettii) designated as SEQ ID NO:
3 responsible for enhanced immunogenicity and increased
persistence of BCG to the tubercle bacilli.

4. A strain according to claim 1, which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
comprises at least one, two, three or more gene(s) selected
from Rv3861 (SEQ ID No 4), Rv3862 (SEQ ID No 5),
Rv3863 (SEQ ID No 6), Rv3864 (SEQ ID No 7), Rv3865
(SEQIDNo 8), Rv3866 (SEQID No 9), Rv3867 (SEQ ID No
10), Rv3868 (SEQ ID No 11), Rv3869 (SEQ ID No 12),
Rv3870 (SEQ ID No 13), Rv3871 (SEQ ID No 14), Rv3872
(SEQID No 15, mycobacterial PE), Rv3873 (SEQ ID No 16,
PPE), Rv3874 (SEQ ID No 17, CFP-10), Rv3875 (SEQ ID
No 18, ESAT-6), Rv3876 (SEQ ID No 19), Rv3877 (SEQ ID
No 20), Rv3878 (SEQ ID No 21), Rv3879 (SEQ ID No 22),
Rv3880 (SEQ ID No 23), Rv3881 (SEQ ID No 24), Rv3882
(SEQID No 25), Rv3883 (SEQ ID No 26), Rv3884 (SEQ ID
No 27) and Rv3885 (SEQ ID No 28).

5. A strain according to claim 1 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
comprises at least one, two, three or more gene(s) selected
from Rv3867 (SEQ ID No 10), Rv3868 (SEQ ID No 11),
Rv3869 (SEQ ID No 12), Rv3870 (SEQ ID No 13), Rv3871
(SEQID No 14), Rv3872 (SEQ ID No 15, mycobacterial PE),
Rv3873 (SEQ ID No 16, PPE), Rv3874 (SEQ ID No 17,
CFP-10), Rv3875 (SEQ ID No 18, ESAT-6), Rv3876 (SEQ
ID No 19) and Rv3877 (SEQ ID No 20).

6. A strain according to claim 1 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
comprises at least one; two, three or more gene(s) selected
from Rv3872 (SEQ ID No 15, mycobacterial PE), Rv3873
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(SEQID No 16, PPE), Rv3874 (SEQ ID No 17, CFP-10) and
Rv3875 (SEQ ID No 18, ESAT-6).

7. A strain according to claim 1 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
comprises at least four genes selected from Rv3861 (SEQ ID
No 4), Rv3862 (SEQ ID No 5), Rv3863 (SEQ ID No 6),
Rv3864 (SEQ ID No 7), Rv3865 (SEQ ID No 8), Rv3866
(SEQ ID No 9), Rv3867 (SEQ ID No 10), Rv3868 (SEQ ID
No 11), Rv3869 (SEQ ID No 12), Rv3870 (SEQ ID No 13),
Rv3871 (SEQ ID No 14), Rv3872 (SEQ ID No 15, mycobac-
terial PE), Rv3873 (SEQ ID No 16, PPE), Rv3874 (SEQ ID
No 17, CFP-10), Rv3875 (SEQ ID No 18, ESAT-6), Rv3876
(SEQID No 19), Rv3877 (SEQ ID No 20), Rv3878 (SEQ ID
No 21), Rv3879 (SEQ ID No 22), Rv3880 (SEQ No 23),
Rv3881 (SEQ ID No 24), Rv3882 (SEQ ID No 25), Rv3883
(SEQID No 26), Rv3884 (SEQID No 27) and Rv3885 (SEQ
ID No 28), provided that it comprises Rv3874 (SEQ ID No
17, CFP-10) and/or Rv3875 (SEQ ID No 18, ESAT-6).

8. A strain according to claim 1 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
comprises atleast Rv3871 (SEQ ID No 14),Rv3875 (SEQ ID
No 18, ESAT-6) and Rv3876 (SEQ ID No 19).

9. A strain according to claim 1 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
comprises atleast Rv3871 (SEQ ID No 14),Rv3875 (SEQ ID
No 18, ESAT-6) and Rv3877 (SEQ ID No 20).

10. A strain according to claim 1 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
comprises atleast Rv3871 (SEQ ID No 14),Rv3875 (SEQ ID
No 18, ESAT-6), Rv3876 (SEQ ID No 19) and Rv3877 (SEQ
1D No 20).

11. A strain according to claim 8 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
further comprises Rv3874 (SEQ ID No 17, CFP-10).

12. A strain according to claim 8 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
further comprises Rv3872 (SEQ ID No 15, mycobacterial
PE).

13. A strain according to claim 8 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
further comprises Rv3873 (SEQ ID No 16, PPE).
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14. A strain according to claim 8 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
further comprises at least one, two, three or four gene(s)
selected from Rv3861 (SEQ ID No 4), Rv3862 (SEQ ID No
5), Rv3863 (SEQID No 6), Rv3864 (SEQ ID No 7), Rv3865
(SEQID No 8), Rv3866 (SEQID No 9), Rv3867 (SEQ ID No
10), Rv3868 (SEQ ID No 11), Rv3869 (SEQ ID No 12),
Rv3870 (SEQ ID No 13), Rv3878 (SEQ ID No 21), Rv3879
(SEQ ID No 22), Rv3880 (SEQ ID No 23), Rv3881 (SEQ ID
No 24), Rv3882 (SEQ ID No 25), Rv3883 (SEQ ID No 26),
Rv3884 (SEQ ID No 27) and Rv3885 (SEQ ID No 28).

15. A strain according to claim 1 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
comprises Rv3875 (SEQ ID No 18, ESAT-6).

16. A strain according to claim 1 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
comprises Rv3874 (SEQ ID No 17, CFP-10).

17. A strain according to claim 1 which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), which
comprises both Rv3875 (SEQ ID No 18, ESAT-6) and
Rv3874 (SEQ ID No 17, CFP-10).

18. A strain according to claim 4, wherein the coding
sequence of the integrated gene is in frame with its natural
promoter or with an exogenous promoter, such as a promoter
capable of directing high level of expression of said coding
sequence.

19. A strain according to claim 4, wherein the said inte-
grated gene is mutated so as to maintain the improved immu-
nogenicity while decreasing the virulence of the strain.

20. A strain according to claim 18, wherein said strain only
carries parts of the genes coding for ESAT-6 or CFP-10 in a
mycobacterial expression vector under the control of a pro-
moter, more particularly an hsp60 promoter.

21. A strain according to claim 18, wherein said strain
carries at least one portion of the esat-6 gene that codes for
immunogenic 20-mer peptides of ESAT-6 active as T-cell
epitopes.

22. A strain according to claim 19, wherein the esat-6
encoding gene is altered by directed mutagenesis in a way that
most of the immunogenic peptides of ESAT-6 remain intact,
but the biological functionality of ESAT-6 is lost.

23. A strain according to claim 19, wherein the CFP-10
encoding gene is altered by directed mutagenesis in a way that
most of the immunogenic peptides of CFP-10 remain intact,
but the biological functionality of CFP-10 is lost.

24. M. microti:RD1 strain which has integrated the insert
of the cosmid RD1-AP34 which corresponds to the 3909 by
fragment of the M. tuberculosis H37Rv genome from region
4350459 by to 4354367 bp of SEQ ID No: 3.

25. M. microti:RD1 strain which has integrated the insert
of the cosmid RD1-2F9 (~32 kb) of the region of the M.
tuberculosis genome ALL123456 from ca 4337 kb to ca 4369
kb of SEQ ID No: 1.

26. A method for preparing and selecting M. microti strains
defined in any one of claims 1 to 25 comprising a step con-
sisting of modifying said strains by insertion, deletion or
mutation in the integrated portion of DNA originating from
Mycobacterium tuberculosis or any virulent member of the
Mycobacterium tuberculosis complex (M. africanum, M.
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bovis, M. canettii), more particularly in the esat-6 or CFP-10
gene, said method leading to strains that are less virulent for
immuno-depressed individuals.

27. A pharmaceutical composition comprising a strain
according to claim 1 and a pharmaceutically acceptable car-
rier.

28. A pharmaceutical composition according to claim 27
containing suitable pharmaceutically-acceptable carriers
comprising excipients and auxiliaries which facilitate pro-
cessing of the living vaccine into preparations which can be
used pharmaceutically.

29. A pharmaceutical composition according to claim 27
which is suitable for intravenous or subcutaneous adminis-
tration.

30. A vaccine comprising a strain according to claim 1 and
a suitable carrier.

31. A product comprising a strain according to claim 1 and
at least one protein selected from ESAT-6 and CFP-10 or
epitope of ESAT-6 and CFP-10 for a separate, simultaneous
or sequential use for treating tuberculosis.

32. A strain of M. microti, wherein said strain has inte-
grated the DNA fragment RD1-2F9, which comprises 31808
bp of DNA originating from Mycobacterium tuberculosis or
any virulent member of the Mycobacterium tuberculosis
complex (M. africanum, M. bovis, M. canettii), and having
SEQ ID NO: 1, and which is responsible for enhanced immu-
nogenicity and increased persistence of BCG to the tubercule
bacilli.

33. A transformed M. microti strain, wherein the strain has
integrated a portion of DNA originating from Mycobacterium
tuberculosis or any virulent member of the Mycobacterium
tuberculosis complex (M. africanum, M. bovis, M. canettii),
wherein the integrated DNA comprises the genes Rv3874
(SEQID NO: 17, CFP-10), Rv3875 (SEQID NO: 18, ESAT-
6), Rv3868 (SEQ ID NO: 11), Rv3869 (SEQ ID NO: 12),
Rv3870 (SEQ ID NO: 13), Rv3871 (SEQ ID NO: 14),
Rv3876 (SEQ ID NO: 19), and Rv3877 (SEQ ID NO: 20).

34. A strain according to claim 33, wherein said strain has
integrated a portion of DNA originating from Mycobacterium
tuberculosis or any virulent member of the Mycobacterium
tuberculosis complex (M. africanum, M. bovis, M. canettii),
wherein the integrated DNA further comprises at least nine
genes selected from the group consisting of Rv3861 (SEQ ID
NO:4), Rv3862 (SEQ ID NO:5), Rv3863 (SEQ ID NO:6),
Rv3864 (SEQ ID NO:7), Rv3865 (SEQ ID NO:8), Rv3866
(SEQID NO:9),Rv3867 (SEQID NO:10), Rv3872 (SEQ ID
NO:15, mycobacterial PE), Rv3873 (SEQ ID NO:16, PPE),
Rv3878 (SEQIDNO:21), Rv3879 (SEQ ID NO:22), Rv3880
(SEQ ID NO:23), Rv3881 (SEQ ID NO:24), Rv3882 (SEQ
50 ID NO:25), Rv3883 (SEQ ID NO:26), Rv3884 (SEQ 1D
NO:27), and Rv3885 (SEQ ID NO:28).

35. A strain according to claim 33, wherein said strain has
integrated a portion of DNA originating from Mycobacterium
tuberculosis or any virulent member of the Mycobacterium
tuberculosis complex (M. africanum, M. bovis, M. canettii),
wherein the integrated DNA further comprises at least the
gene Rv3867 (SEQ ID NO:10), combined with at least one
gene selected from the group consisting of: Rv3872 (SEQ ID
NO:15, mycobacterial PE); and Rv3873 (SEQ ID NO:16,
PPE).

36. A strain according to claim 33, wherein said strain has
integrated a portion of DNA originating from Mycobacterium
tuberculosis or any virulent member of the Mycobacterium
tuberculosis complex (M. africanum, M. bovis, M. canettii),
wherein the integrated DNA further comprises the gene
Rv3872 (SEQ ID NO: 15, mycobacterial PE).
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37. A strain according to claim 36, wherein said strain has
integrated a portion of DNA originating from Mycobacterium
tuberculosis or any virulent member of the Mycobacterium
tuberculosis complex (M. africanum, M. bovis, M. canettii),
wherein the integrated DNA further comprises the gene
Rv3873 (SEQ ID NO:16, PPE).

38. A strain according to claim 37, wherein said strain has
integrated a portion of DNA originating from Mycobacterium
tuberculosis or any virulent member of the Mycobacterium
tuberculosis complex (M. africanum, M. bovis, M. canettii),
wherein the integrated DNA further comprises at least one
gene selected from the group consisting of: Rv3861 (SEQ ID
NO:4), Rv3862 (SEQ ID NO:5), Rv3863 (SEQ ID NO:6),
Rv3864 (SEQ ID NO:7), Rv3865 (SEQ ID NO:8), Rv3866
(SEQIDNO:9), Rv3867 (SEQ ID NO: 10), Rv3878 (SEQ ID
NO:21),Rv3879 (SEQIDNO:22), Rv3880 (SEQID NO:23),
35 Rv3881 (SEQ ID NO:24), Rv3882 (SEQ ID NO:25),
Rv3883 (SEQ ID NO:26), Rv3884 (SEQ ID NO:27), and
Rv3885 (SEQ ID NO:28).

39. A strain according to claim 33, wherein the coding
sequence of the integrated gene is in frame with its natural
promoter or with an exogenous promoter, such as a promoter
capable of directing a high level of expression of said coding
sequence.

40. A strain according to claim 39, wherein said strain
carries genes coding for ESAT-6 or CFP-10 in a mycobacte-
rial expression vector under the control of a promoter, more
particularly an hsp60 promoter.

41. A strain according to claim 39, wherein the coding
sequence of the integrated gene codes for immunogenic poly-
mer peptides of ESAT 6 which are active as T-cell epitopes.

42. A pharmaceutical composition comprising a strain
according to claim 33 and a pharmaceutically acceptable
carrier.

43. A pharmaceutical composition according to claim 42,

wherein the pharmaceutically-acceptable carrier com-

prises excipients and auxiliaries which facilitate pro-
cessing of the living vaccine into preparations which can
be used pharmaceutically.
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44. A pharmaceutical composition according to claim 42,
which is suitable for oral, intravenous, or subcutaneous
administration.

45. A vaccine comprising a strain according to claim 33 and
a suitable carrier.

46. A product comprising a strain according to claim 33
and at least one protein selected from ESAT-6 and CFP-10 for
a separate, simultaneous, or sequential use for treating tuber-
culosis.

47. A strain according to claim 33, which has integrated a
portion of DNA originating from Mycobacterium tuberculo-
sis or any virulent member of the Mycobacterium tuberculo-
sis complex (M. africanum, M. bovis, M. canettii), wherein
the integrated DNA further comprises at least one gene
selected from the group consisting of: Rv3878 (SEQ ID
NO:21),Rv3879 (SEQIDNO:22),Rv3880 (SEQID NO:23),
Rv3881 (SEQIDNO:24), Rv3882 (SEQID NO:25), Rv3883
(SEQ ID NO:26), Rv3884 (SEQ ID NO:27), and Rv3885
(SEQ ID NO:28), in combination with at least one gene
selected from the group consisting of: Rv3872 (SEQ ID
NO:15, mycobacterial PE) and Rv3873 (SEQ ID NO:16,
PPE).

48. A strain according to claim 33, wherein the strain has
integrated a portion of DNA originating from Mycobacterium
tuberculosis or any virulent member of the Mycobacterium
tuberculosis complex (M. africanum, M. bovis, M. canettii),
wherein the integrated DNA further comprises at least one
gene selected from the group consisting of: Rv3861 (SEQ ID
NO:4), Rv3862 (SEQ ID NO:5), Rv3863 (SEQ ID NO:6),
Rv3864 (SEQ ID NO:7), Rv3865 (SEQ ID NO:8), Rv3866
(SEQIDNO:9),Rv3867 (SEQ ID NO: 10), Rv3880 (SEQ ID
NO:23),Rv3881 (SEQIDNO:24),Rv3882 (SEQIDNO:25),
Rv3883 (SEQ ID NO:26), Rv3884 (SEQ ID NO:27), and
Rv3885 (SEQ ID NO:28), in combination with at least one
gene selected from the group consisting of: Rv3872 (SEQ ID
NO:15, mycobacterial PE) and Rv3873 (SEQ ID NO:16,
PPE).



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,747,866 B2 Page 1of1
APPLICATION NO. 1 12/923432

DATED »June 10, 2014

INVENTOR(S) : Stewart Cole et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title Page, Item (75), in the “Inventors”, line 1, “Stewart Cole, Clamart (CH);” should read
--Stewart Cole, Ecublens (CH);--.

On the Title Page, after Item (62), the “Related U.S. Application Data”, and before Item (51), the
“Int. CL.” data, insert the following missing priority data:

--(30) Foreign Application Priority Data

Apr. 5,2002  (EP) oo, 02290864 --.

In claim 6, column 175, line 66, “one; two,” should read --one, two,--.

In claim 7, column 176, line 27, “Rv3880 (SEQ No 23),” should read --Rv3880 (SEQ ID No 23),--.
In claim 21, column 177, line 43, “esat-6" should read --ESAT-6--.

In claim 22, column 177, line 46, “esat-6" should read --ESAT-6--.

In claim 24, column 177, line 55, “3909 by should read --3909 bp--.

In claim 24, column 177, line 57, “4350459 by” should read --4350459 bp--.

In claim 26, column 178, line 1, “esat-6" should read --ESAT-6--.

In claim 34, column 178, lines 50-51, “Rv3882 (SEQ 50 ID NO:25),” should read --Rv3882 (SEQ ID
NO:25),--.

In claim 38, column 179, line 17, before “Rv3881 (SEQ ID NO:24),” delete “35”.

In claim 41, column 179, line 31, “ESAT 6 should read --ESAT-6--.

Signed and Sealed this
Twenty-third Day of August, 2016

Dhecbatle K Zea

Michelle K. Lee
Director of the United States Patent and Trademark Office



